
N00236.001654

ALAMEDA POINT

SSIC No. 5090.3

! COMPREHENSIVE LONG-TERM ENVIRONMENTAL ACTION NAVY (CLEAN II)
Northern and Central California, Nevada, and Utah

Contract No. N62474-94-D-7609
_i Contract Task Order No. 0168

Prepared for
U.S. DEPARTMENT OF THE NAVY

William Kaktis, P.E. Remedial Project Manager
Engineering Field Activity West

Naval Facilities Engineering Command
San Bruno, California

OU-3 REMEDIAL INVESTIGATION REPORT
FINAL

ALAMEDA POINT

ALAMEDA, CALIFORNIA

August 9, 1999

1

Prepared by
TETRA TECH EM Inc.

_l 10670 White Rock Road, Suite 100
Rancho Cordova, CA 95670

(916) 852-8300

4

i Nadia Burleson, P.E.Project Manager

i



N00236.001654
ALAMEDA POINT
SSIC NO. 5090.3

DRAFT OPERABLE UNIT 3
REMEDIAL INVESTIGATION ADDENDUM

VOLUME I IS NOT ON FILE

DRAFT OPERABLE UNIT 3
REMEDIAL INVESTIGATION ADDENDUM

VOLUME II
RISK ASSESSMENT AND RADIOLOGICAL

CLOSURE REPORT

DATED 01 NOVEMBER 2001

_' IS FILED AS ADMINISTRATIVE RECORD NO.
N00236.000304

DRAFT OPERABLE UNIT 3
REMEDIAL INVESTIGATION ADDENDUM

VOLUME III
GEOTECHNICAL INVESTIGATION AND

UNEXPLODED ORDNANCE CHARACTERIZATION
AND REMOVAL REPORT IS NOT ON FILE.



N00236.001654
ALAMEDA POINT
SSIC NO. 5090.3

DRAFT FINAL OPERABLE UNIT 3
REMEDIAL INVESTIGATION ADDENDUM

VOLUME I

DATED 13 DECEMBER 2000

IS FILED AS ADMINISTRATIVE RECORD NO.
N00236.000045

DRAFT FINAL OPERABLE UNIT 3
REMEDIAL INVESTIGATION ADDENDUM

VOLUME II
RISK ASSESSMENT AND RADIOLOGICAL

CLOSURE REPORT

DATED 30 JANUARY 2002

IS FILED AS ADMINISTRATIVE RECORD NO.
N00236.000331

DRAFT FINAL OPERABLE UNIT 3
REMEDIAL INVESTIGATION ADDENDUM

VOLUME III
GEOTECHNICAL INVESTIGATION AND

UNEXPLODED ORDNANCE CHARACTERIZATION
AND REMOVAL REPORT IS NOT ON FILE.



N00236.001654
ALAMEDA POINT
SSIC NO. 5090.3

FINAL OPERABLE UNIT 3
REMEDIAL INVESTIGATION ADDENDUM

VOLUME I

DATED 27 JANUARY 2001

IS FILED AS ADMINISTRATIVE RECORD NO.
N00236.000057

FINAL OPERABLE UNIT 3
REMEDIAL INVESTIGATION ADDENDUM

VOLUME II
RISK ASSESSMENT AND RADIOLOGICAL

CLOSURE REPORT IS NOT ON FILE.

FINAL OPERABLE UNIT 3
REMEDIAL INVESTIGATION ADDENDUM

VOLUME III
GEOTECHNICAL INVESTIGATION AND

UNEXPLODED ORDNANCE CHARACTERIZATION
AND REMOVAL REPORT IS NOT ON FILE.



FINAL OU-3 REMEDIAL INVESTIGATION REPORT

ALAMEDA POINT

MASTER TABLE OF CONTENTS
VOLUME I

EXECUTIVE SUMMARY

Chapter

1.0 INTRODUCTION

2.0 INSTALLATION-WIDE SITE DESCRIPTION

3.0 INSTALLATION-WIDE REMEDIAL INVESTIGATION ACTIVITIES

4.0 PRELIMINARY IDENTIFICATION OF APPLICABLE OR RELEVANT AND
APPROPRIATE REQUIREMENTS

5.0 RISK ASSESSMENT AND FATE AND TRANSPORT MODELING METHODOLOGIES

6.0 SUMMARY OF REMEDIAL INVESTIGATION AND RISK ASSESSMENT FINDINGS

TABLES FOR CHAPTERS I THROUGH 6 (ALL TABLES 1N EACH CHAPTER FOLLOW THE

TEXT.)

'_€ FIGURES FOR CHAPTERS 1 THROUGH 5 (ALL FIGURES IN EACH CHAPTER FOLLOW THE
TABLES.)

REFERENCES

VOLUME II

FIGURES FOR CHAPTER 6

VOLUME III

Appendix

A SOIL BORING, CONE PENTROMETER TEST LOGS, AND REGIONAL GEOLOGIC
CROSS SECTIONS

B BACKGROUND DETERMINATION DOCUMENTATION

C HUMAN HEALTH RISK ASSESSMENT RESULTS

D INVESTIGATION TECHNIQUES

E LANDFILL PRESUMPTIVE REMEDY TECHNICAL MEMORANDUM

F ENVIRONMENTAL BASELINE SURVEY SAMPLING LOCATION MAPS
AND ANALYTICAL RESULTS



Appendix (Continued)

G GEOTECHNICAL RESULTS AND IN SITU PERMEABILITY (SLUG) TEST RESULTS

H HISTORICAL GROUNDWATER ELEVATIONS

I SOIL AND GROUNDWATER ANALYTICAL RESULTS

J RADIATION SURVEY DATA

K FUNNEL-AND-GATE SUMMARY

L EXAMPLE TOTAL PETROLEUM HYDROCARBON CHROMATOGRAMS

M RESPONSE TO COMMENTS TO THE DRAFT AND DRAFT FINAL OU-3 REMEDIAL
INVESTIGATION REPORT

N VLEACH MODELING FOR THE PISTOL RANGE AREA

ii



TABLE OF CONTENTS
VOLUME I

Chapter

ABBREVIATIONS, ACRONYMS, AND SYMBOLS .............................................................................. xii
EXECUTIVE SUMMARY ..................................................................................................................... ES- 1

1.0 INTRODUCTION ........................................................................................................................ 1-1

1.1 OBJECTIVES ................................................................................................................. 1-1
1.2 REPORT ORGANIZATION .......................................................................................... 1-2
1.3 INSTALLATION-WIDE HISTORICAL BACKGROUND .......................................... 1-2

1.3.1 Installation History ............................................................................................. 1-2
1.3.2 History of Operations and Chemical Use at the Installation .............................. 1-3
1.3.3 Waste Disposal and Storage Activities .............................................................. 1-5

1.4 INSTALLATION-WIDE ENVIRONMENTAL INVESTIGATIONS ........................... 1-6

1.4.1 Investigations Conducted Before the Initiation of the Installation
Restoration Program ............................................................................................ 1-6

1.4.2 Investigations Conducted Under the Installation Restoration Program ............. 1-6
1.4.3 Environmental Baseline Survey .......................................................................... 1-8

1.5 OPERABLE UNIT DESIGNATIONS ............................................................................... 1-8

1.5.1 Conveyance Parcel A .......................................................................................... 1-9
1.5.2 Conveyance ParcelB ........................................................................................ 1-10
1.5.3 Conveyance Parcel C ........................................................................................ 1-11
1.5.4 Conveyance Parcel D ........................................................................................ 1-11
1.5.5 Conveyance Parcel E......................................................................................... 1-11
1.5.6 Regional Sediment Work Group ....................................................................... 1-11

2.0 INSTALLATION-WIDE SITE DESCRIPTION .......................................................................... 2-1

2.1 PHYSICAL SETTING ..................................................................................................... 2-1
2.2 GEOLOGY ....................................................................................................................... 2-1

2.2.1 San Francisco Bay Regional Geology'. ............................................................... 2-2
2.2.2 East Bay Margin Geology ................................................................................... 2-6
2.2.3 Installation Geology ............................................................................................ 2-7

2.3 INSTALLATION HYDROGEOLOGY ............................................................................... 2-11

2.3.1 Western and Central Region Hydrogeology .................................................... 2-13
2.3.2 Southeastern Region Hydrogeology ................................................................. 2-14
2.3.3 Groundwater Hydraulics ................................................................................... 2-14

2.3.3.1 Western and Central Region Hydraulics .......................................... 2-14
2.3.3.2 Southeastern Region Hydraulics ....................................................... 2-17

iii



TABLE OF CONTENTS (Continued)
VOLUME I

Chapter

2.3.4 Seawater Intrusion............................................................................................ 2-19
2.3.5 Existing Uses of Groundwater ......................................................................... 2-19

2.4 ECOLOGY .................................................................................................................... 2-20

2.4.1 Regional Ecology ............................................................................................. 2-20
2.4.2 Soil Types ........................................................................................................ 2-21
2.4.3 Habitat Types and Dominant Species .............................................................. 2-21
2.4.4 Special Status Species ...................................................................................... 2-23

2.5 FUTURE LAND USE.......................................................................................................... 2-25

2.5.1 Land Use Categories ........................................................................................ 2-25

2.5.1.1 Residential ....................................................................................... 2-25
2.5.1.2 Business Park/Light Industry........................................................... 2-26
2.5.1.3 Office ............................................................................................... 2-26
2.5.1.4 Research and Development/Industrial Flex .................................... 2-26
2.5.1.5 Civic/Institutional ............................................................................ 2-26
2.5.1.6 Commercial...................................................................................... 2-26
2.5.1.7 Mixed-Use ....................................................................................... 2-27
2.5.1.8 Parks ................................................................................................ 2-27

2.5.1.9 Open Space/Habitat ......................................................................... 2-27
2.5.1.10 Commercial Recreation/Marina....................................................... 2-27

2.5.2 Land Use Areas ................................................................................................ 2-27

2.5.2.1 Civic Core ........................................................................................ 2-28
2.5.2.2 Main Street Neighborhoods ............................................................. 2-28
2.5.2.3 Inner Harbor..................................................................................... 2-28
2.5.2.4 North Waterfront.............................................................................. 2-29
2.5.2.5 Marina District ................................................................................. 2-29
2.5.2.6 Northwest Territories Area .............................................................. 2-29
2.5.2.7 Wildlife Refuge ................................................................................ 2-30

2.6 BACKGROUND CHEMICAL CONCENTRATION DETERMINATION ................ 2-30

2.6.1 Soil Background Determination Methodology ................................................ 2-31

2.6.1. I Inorganic Chemical Background Concentration Determination...... 2-32
2.6.1.2 Ambient Polycyclic Aromatic Hydrocarbon Concentration

Determination .................................................................................. 2-33

2.6.2 Groundwater Background Determination Methodology............................................... 2-34

iv



TABLE OF CONTENTS (Continued)
VOLUME I

Chapter Pa_a_

3.0 INSTALLATION-WIDE REMEDIAL INVESTIGATION ACTIVITIES ................................. 3-1

3.1 INVESTIGATIVE TECHNIQUES ................................................................................ 3-1

3.1.1 Subsurface Drilling ............................................................................................ 3-1

3.1.1.1 Hollow-Stem Auger Drilling ............................................................. 3-2
3.1.1.2 Direct Rotary Drilling ........................................................................ 3-2
3.1.1.3 Hand Auger Drilling .......................................................................... 3-3
3.1.1.4 GeoProbe® Sampling........................................................................ 3-3
3.1.1.5 Cone Penetrometer Testing ................................................................ 3-3
3.1.1.6 HydroPunch® Sampling.................................................................... 3-4
3.1.1.7 Well Installation................................................................................. 3-4

3.1.2 Pumping and Slug Testing ................................................................................. 3-4
3.1.3 Tidal Influence Studies ...................................................................................... 3-5

3.2 SAMPLE COLLECTION ............................................................................................... 3-6

3.2.1 Soil Sampling ..................................................................................................... 3-6

3.2.1.1 Surface Soil Sampling ....................................................................... 3-7
3.2.1.2 Subsurface Soil Sampling.................................................................. 3-7

_€ 3.2.1.3 Building Surface Sampling................................................................ 3-7

3.2.2 Groundwater Sampling ...................................................................................... 3-7

3.3 DATA QUALITY OBJECTIVES, DATA QUALITY DOCUMENTATION, AND
DATA VALIDATION .................................................................................................... 3-8

3.3.1 Data Quality Objectives ..................................................................................... 3-8
3.3.2 Data Quality Documentation............................................................................ 3-11
3.3.3 Data Validation ................................................................................................ 3-12

3.3.3.1 Critical Parameters ........................................................................... 3-13
3.3.3.2 Data Validation Process ................................................................... 3-15

4.0 PRELIMINARY IDENTIFICATION OF APPLICABLE OR RELEVANT AND
APPROPRIATE REQUIREMENTS ........................................................................................... 4-1

4.1 APPLICABILITY OF REGULATORY REQUIREMENTS AT FEDERAL
FACILITIES ................................................................................................................... 4-1

4.2 DEFINITION AND DEVELOPMENT OF AILA,RS ...................................................... 4-2
4.3 IDENTIFICATION OF POTENTIAL ARARS.............................................................. 4-4

4.3.1 Chemical-Specific ARARs ................................................................................ 4-4
4.3.2 Location-Specific ARARs.................................................................................. 4-5
4.3.3 Action-Specific ARARs ..................................................................................... 4-5



TABLE OF CONTENTS (Continued)
VOLUME I

Chapter Pa__ge_

4.4 POTENTIAL CHEMICAL-SPECIFIC AND LOCATION-SPECIFIC ARARS
FOR OPERABLE UNIT 3 ............................................................................................... 4-5

4.4.1 Potential Chemical-Specific ARARs ................................................................. 4-6

4.4.1.1 Soil ..................................................................................................... 4-7
4.4.1.2 Water .................................................................................................. 4-7
4.4.1.3 Landfill Gas ....................................................................................... 4-7

4.4.2 Potential Location-Specific ARARs .................................................................. 4-8

4.4.2.1 Coastal Zone Management Act .......................................................... 4-8
4.4.2.2 California Fish and Game Code Section 5650 ................................... 4-8

4.4.2.3 Federal Endangered Species Act of 1973 .......................................... 4-8

4.4.3 Action-Specific ARARs ..................................................................................... 4-9

5.0 RISK ASSESSMENT AND FATE AND TRANSPORT MODELING
METHODOLOGIES .................................................................................................................... 5-1

5.1 HUMAN HEALTH RISK ASSESSMENT .................................................................... 5-1

5.1.1 Purpose ........................................................................................................... 5-2
5.1.2 Identification of Chemicals of Concern ............................................................. 5-4

5.1.3 Exposure Assessment ......................................................................................... 5-7

5.1.3.1 Exposure Setting and Potential Receptors ......................................... 5-9
5.1.3.2 Identification of Exposure Pathways and Exposure Routes ............ 5-10
5.1.3.3 Estimation of Exposure Point Concentrations ................................. 5-11
5.1.3.4 Quantification of Chemical Intake for Pathway-Specific

Exposures for Each Potential Receptor ............................................ 5-11

5.1.4 Toxicity Assessment ........................................................................................ 5-14

5.1.4.1 Carcinogenic Chemicals .................................................................. 5-15
5.1.4.2 Noncarcinogenic Chemicals ............................................................ 5-16
5.1.4.3 Radionuclides ................................................................................... 5-16
5.1.4.4 Lead Assessment .............................................................................. 5-17

5.1.5 Uncertainty ....................................................................................................... 5-18
5.1.6 Human Health Risk Assessment Results .......................................................... 5-21

5.2 ECOLOGICAL RISK ASSESSMENT ......................................................................... 5-21

5.2.1 Identification of Habitats and Biota ................................................................. 5-22

5.2.2 Identification of Potentially Complete Exposure Pathways ............................. 5-23
5.2.3 Identification of Chemicals of Potential Ecological Concern .......................... 5-24
5.2.4 Ecological Risk Evaluation .............................................................................. 5-26

vi



TABLE OF CONTENTS (Continued)
VOLUME I

Chapter

'_" 6.0 SUMMARY OF REMEDIAL INVESTIGATION AND RISK ASSESSMENT
FINDINGS ................................................................................................................................... 6-1

6.1 SITE LOCATION AND CONSTRUCTION HISTORY ............................................... 6-2
6.2 HISTORY OF CONTAMINATION SOURCES ............................................................ 6-3
6.3 RESULTS OF INVESTIGATIONS PRIOR TO THE INSTALLATION

RESTORATION PROGRAM ........................................................................................ 6-5
6.4 ANCILLARY SITE INVESTIGATION ACTIVITIES AND RESULTS ...................... 6-5

6.4.1 Pistol Range Investigation .................................................................................. 6-6
6.4.2 Funnel-and-Gate Pilot-Scale Demonstration and Treatability Study ................. 6-9
6.4.3 Radioiogical Surveys ........................................................................................ 6-11

6.4.3.1 Preliminary Radiological Surveys ................................................... 6-11
6.4.3.2 Comprehensive Radiological Survey ............................................... 6-13

6.4.4 Unexploded Ordnance Survey and Removal Action ....................................... 6-13
6.4.5 Environmental Baseline Survey Investigation Findings At Parcels

Associated With Installation Restoration Site 1............................................... 6-14

6.5 SITE CONCEPTUAL MODEL .................................................................................... 6-15
6.6 REMEDIAL INVESTIGATION ACTIVITIES AND RESULTS ................................ 6-16

6.6.1 Remedial Investigation Activities ..................................................................... 6-16

6.6.1.1 General Data Quality Objectives ..................................................... 6-17
6.6.1.2 Soil Investigation Activity ............................................................... 6-19
6.6.1.3 Groundwater Investigation .............................................................. 6-20

6.6.2 Remedial Investigation Results ........................................................................ 6-21

6.6.2.1 Geology ............................................................................................ 6-21
6.6.2.2 Hydrogeology .................................................................................. 6-23
6.6.2.3 Remedial Investigation Analytical Results ...................................... 6-26

6.7 RISK ASSESSMENT SUMMARY .............................................................................. 6-33

6.7.1 Human Health Risk Assessment Results .......................................................... 6-33

6.7.1.1 Nonradionuclide Risk Assessment Results ...................................... 6-34
6.7.1.2 Radionuclide Risk Assessment Results ........................................... 6-35

6.7.1.3 Summary .......................................................................................... 6-36

6.7.2 Ecological Risk Assessment Results ................................................................ 6-36

6.7.2.1 Area A (Outside of the Groundwater Hot Spot) Ecological
Risk Assessment Results .................................................................. 6-39

6.7.2.2 Area B (Groundwater Hot Spot) Ecological Risk Assessment
_r Results .............................................................................................. 6-40

vii



TABLE OF CONTENTS (Continued)
VOLUME I

Chapter

6.?.2.3. Radionuclides...................................................................................6-42
(_,7.2.q. I_coloqlcat_.;c_,kkc.,=e._;crdt_q_t OJac4_'_a,in_e,g G-qfl

6.8 NATURE AND EXTENT OF HUMAN HEALTH AND ECOLOGICAL
CHEMICALS OF CONCERN...................................................................................... 6-45

6.8.1 Chemicals of Concern in Soil .......................................................................... 6-45
6.8.2 Chemicals of Concern in Groundwater............................................................ 6-46

6.9 CONCLUSION ............................................................................................................. 6-47

6.9.1 Remedial Investigation Results........................................................................ 6-47
6.9.2 Ancillary Investigation Summary .................................................................... 6-50
6.9.3 Conclusions Regarding the Landfill Presumptive Remedy ............................. 6-50
6.9.4 Data Gaps ......................................................................................................... 6-52

viii



LIST OF TABLES
VOLUME I

Table

ALL TABLES IN EACH CHAPTER FOLLOW THE TEXT.

1-1 SUMMARY OF HISTORICALENVIRONMENTALINVESTIGATIONS
1-2 ALAMEDA POINTSTREET NAMES

2-1 SUMMARYOF GROUNDWATERHYDRAULIC PARAMETERS
2-2a BACKGROUND DATA SUMMARY-YELLOWAREA
2-2b BACKGROUNDDATA SUMMARY-PINKAREA
2-2c BACKGROUNDDATA SUMMARY-BLUEAREA
2-3 AMBIENT CONCENTRATIONSOFMETALS1N SHALLOWGROUNDWATER

3-1 ANALYTICALMETHODS
3-2 DATA VALIDATIONPARAMETERS
3-3 DATA VALIDATIONQUALIFIERSAND DATABASE COMMENTCODES

4-1 POTENTIAL ARARs FOR IR SITE 1 INSTALLATIONRESTORATION

5-1 EPA AND DTSC CANCER SLOPE FACTORS
5-2 SOIL COCs (0- to 2-FOOT DEPTH INTERVAL)
5-3 SUMMARY OF EXPOSURE SCENARIOS AND PATHWAYS
5-4 TOXICITY ASSESSMENT CSFs
5-5 TOXICITY ASSESSMENT NONCARCINOGENIC TOXICITY VALUES
5-6 TERRESTRIAL HABITAT SUMMARY
5-7a GROUNDWATER ECOLOGICAL COPCs (OUTSIDE OF HOT SPOT, FWBZ) - SITE 1,

AREA A
5-7b GROUNDWATER ECOLOGICAL COPCs (HOT SPOT WELLS, FWBZ) - SITE 1, AREA B

6-1 TOTAL LEAD IN SOIL SAMPLES FROM BERM, PISTOL AND SHOTGUN RANGE, AND
SPENT ORDNANCE DISPOSAL AREA

6-2 TOTAL LEAD IN SOIL SAMPLES FROM OUTSIDE THE BERM, PISTOL AND SHOTGUN
RANGE, AND SPENT ORDNANCE DISPOSAL AREA

6-3 TOTAL AND SOLUBLE LEAD IN SOIL SAMPLES FROM BERM, PISTOL AND
SHOTGUN RANGE, AND SPENT ORDNANCE DISPOSAL AREA

6-4 TOTAL AND SOLUBLE LEAD IN SOIL SAMPLES FROM OUTSIDE BERM, PISTOL AND
SHOTGUN RANGE, AND SPENT ORDNANCE DISPOSAL AREA

6-5 CAM 17 METALS IN SOIL, PISTOL AND SHOTGUN RANGE AND SPENT ORDNANCE
DISPOSAL AREA

6-6 PETROLEUM CONSTITUENTS IN SOIL, PISTOL AND SHOTGUN RANGE, AND SPENT
ORDNANCE DISPOSAL AREA

6-7 SEMIVOLATILE ORGANICS IN SOIL, PISTOL AND SHOTGUN RANGE AND SPENT
ORDNANCE DISPOSAL AREA

6-8 SUMMARY OF RADIOLOGICAL ANALYSIS FOR SOIL, PISTOL AND SHOTGUN
RANGE AND SPENT ORDNANCE DISPOSAL AREA

6-9 TOTAL LEAD IN GRAB GROUNDWATER SAMPLES, PISTOL AND SHOTGUN RANGE
AND SPENT ORDNANCE DISPOSAL AREA

6-10 IR SITE 1-SUMMARY OF RI ACTIVITIES
6-11 IR SITE 1 SURFACE SOIL SAMPLE SUMMARY
6-12 IR SITE 1 SUBSURFACE SOIL SAMPLE SUMMARY

ix



LIST OF TABLES
VOLUME I

Table

6-13 IR SITE 1 GEOTECHNICAL SAMPLE SUMMARY
6-14 IR SITE 1 MONITORING WELL CONSTRUCTION DETAILS
6-15 IR SITE 1 GROUNDWATER SAMPLE SUMMARY
6-16 IR SITE 1 GEOTECHNICAL SAMPLE LABORATORY TEST RESULTS
6-17 STATISTICAL SUMMARY OF SOIL ANALYTICAL RESULTS INSIDE BOUNDARY

(0 TO < 2 FEET BGS), IR SITE 1
6-18 STATISTICAL SUMMARY OF SOIL ANALYTICAL RESULTS, INSIDE BOUNDARY

AREA (2 TO 10 FEET BGS), IR SITE 1
6-19 STATISTICAL SUMMARY OF SOIL ANALYTICAL RESULTS, INSIDE BOUNDARY

AREA (> 10 FEET BGS), IR SITE 1
6-20 STATISTICAL SUMMARY OF SOIL ANALYTICAL RESULTS, OUTSIDE BOUNDARY

AREA (0 TO 2 FEET BGS), IR SITE 1
6-21 STATISTICAL SUMMARY OF SOIL ANALYTICAL RESULTS, OUTSIDE BOUNDARY

AREA (2 TO 10 FEET BGS), IR SITE 1
6-22 STATISTICAL SUMMARY OF SOIL ANALYTICAL RESULTS OUTSIDE BOUNDARY

AREA (> 10 FEET BGS), IR SITE 1
6-23 STATISTICAL SUMMARY OF GROUNDWATER HYDROPUNCH ANALYTICAL

RESULTS, IR SITE 1- FWBZ AND SWBZ
6-24 SHORELINE MONITORING WELL GROUNDWATER ANALYTICAL DATA SUMMARY-

FWBZ, IR SITE 1 - PRIOR TO 1997
6-25 SHORELINE MONITORING WELL GROUNDWATER ANALYTICAL DATA SUMMARY-

SWBZ, IR SITE 1 - PRIOR TO 1997
6-26 SHORELINE MONITORING WELL GROUNDWATER ANALYTICAL DATA SUMMARY-

FWBZ, IR SITE 1 (1997-1998)
6-27 SHORELINE MONITORING WELL GROUNDWATER ANALYTICAL DATA SUMMARY-

SWBZ, IR SITE 1 (1997-1998)
6-28 INLAND MONITORING WELL GROUNDWATER ANALYTICAL DATA SUMMARY-

FWBZ, IR SITE 1 (1991-1995)
6-29 INLAND MONITORING WELL GROUNDWATER ANALYTICAL DATA SUMMARY-

SWBZ, IR SITE 1 (1991-1995)
6-30 INLAND MONITORING WELL GROUNDWATER ANALYTICAL DATA SUMMARY-

FWBZ, IR SITE 1 (1997-1998)
6-31 a SUMMARY OF GROUNDWATER CONTAMINANT DETECTIONS - FWBZ,

IR SITE 1, AREA A - 1993-1998 (OUTSIDE OF HOT SPOT)
6-31 b SUMMARY OF GROUNDWATER CONTAMINANT DETECTIONS - FWBZ,

IR SITE 1, AREA B - 1993-1998 (HOT SPOT)
6-32a HQ CALCULATIONS FOR ECOLOGICAL COPCs, IR SITE 1, AREA A

OUTSIDE HOT SPOT

6-32b HQ CALCULATIONS FOR ECOLOGICAL COPCs, IR SITE 1, AREA B
HOT SPOT

6-33a GROUNDWATER ECOLOGICAL COPCs AND COCs IN FWBZ

(AREA A, OUTSIDE OF HOT SPOT)
6-33b GROUNDWATER ECOLOGICAL COPCs AND COCs IN FWBZ

(AREA B, HOT SPOT)
6-34a SUMMARY OF RADIOACTIVITY IN SHALLOW GROUNDWATER AT

AREA A (OUTSIDE OF HOT SPOT)
6-34b SUMMARY OF RADIOACTIVITY IN SHALLOW GROUNDWATER AT

AREA B (HOT SPOT)
6-35 SUMMARY OF AMBIENT RADIOACTIVITY IN SHALLOW GROUNDWATER



LIST OF FIGURES
VOLUME I

ALL FIGURES IN EACH CHAPTER FOLLOW THE TABLES

1-1 REGIONAL LOCATIONMAP
1-2 BASE MAP
1-3 BUILDINGAND STREETLOCATIONMAP

2-1 EXISTINGAND OLD SHORELINESFOR EASTBAY MARGIN
2-2 CORRELATION OF STRATIGRAPHIC INTERPRETATIONS
2-3 EAST BAY MARGIN GEOLOGY
2-4 EAST BAY MARGIN HYDROSTRATIGRAPHY
2-5 SUBREGIONS AND CROSS-SECTION LOCATIONS
2-6 CONCEPTUAL GEOLOGY - WESTERN REGION
2-7 CONCEPTUAL GEOLOGY - CENTRAL REGION
2-8 CONCEPTUAL GEOLOGY - SOUTHEASTERN REGION
2-9 FORMER PALEOCHANNEL LOCATION
2-10 SURFACE AND LATERAL EXTENT OF YERBA BUENA MUD
2-I 1 CORRELATION OF HYDROGEOLOGIC UNITS BETWEEN REGIONS
2-12 HYDROGEOLOGIC CONCEPTUAL MODEL FOR THE WESTERN AND CENTRAL

REGIONS
2-13 HYDROGEOLOGIC CONCEPTUAL MODEL FOR THE SOUTHEASTERN REGION
2-14a POTENTIOMETRIC SURFACE MAP - FWBZU, WESTERN REGION
2-14b POTENTIOMETRIC SURFACE MAP - FWBZL, WESTERN REGION
2-14c POTENTIOMETRIC SURFACE MAP - FWBZ CENTRAL REGION
2-14d BASEWIDE POTENTIOMETRIC SURFACE MAP .-SWBZU
2-14e POTENTIOMETRIC SURFACE MAP - FWBZU, SOUTHEASTERN REGION
2-14f POTENTIOMETRIC SURFACE MAP - FWBZL, SOUTHEASTERN REGION
2-15 APPROXIMATE EXTENT OF FRESH WATER IN 'THEFWBZ
2-16 APPROXIMATE EXTENT OF FRESH WATER IN THE SWBZ
2-17 ECOLOGICAL HABITAT MAP
2-18 REUSE PLAN MAP
2-19 BACKGROUND SAMPLE LOCATION MAP - SOIL
2-20a BACKGROUND MONITORING WELL LOCATION MAP - WESTERN REGION
2-20b BACKGROUND MONITORING WELL LOCATION MAP - CENTRAL REGION
2-20c BACKGROUND MONITORING WELL LOCATION MAP - SOUTHEASTERN REGION

5-1 COC IDENTIFICATION DECISION FLOW CHART
5-2 DECISION FLOW CHART - COMPARISON OF SITE AND BACKGROUND DATA
5-3 POTENTIALLY COMPLETE EXPOSURE PATHWAYS
5-4 IR SITE 1 ECOLOGICAL CONCEPTUAL SITE MODEL
5-5 DECISION TREE FOR ECOLOGICAL COC SELECTION FOR GROUNDWATER AT IR

SITE 1

xi



ABBREVIATIONS, ACRONYMS, AND SYMBOLS

°F Degree Fahrenheit
% Percent
% D Percent difference
% RSD Percent relative standard deviation
cm/s Centimeter per second
m3/m Cubic meter per meter
days/yr Days per year
ft/min Feet per minute
mg/day Milligram per day
mg/kg-day Milligram per kilogram per day
mg/L Milligram per liter
mrem/yr Millirem per year
pCi/g Picocurie per gram
pCi/L Picocurie per liter
pCi/yr Picocurie per year
_/min Square feet per minute
_tg/dL Microgram per deciliter
_tg/kg Microgram per kilogram
_tg/L Microgram per liter
< Less than
> Greater than
1,1,1-TCA 1,1,1-Trichloroethane
1,2-DCB 1,2-Dichlorobenzene
1,2-DCE 1,2-Dichloroethene
2,4-D 2,4-Dichlorophenoxyacetic acid
2,4-DMP 2,4-Dimethylphenol
80 LCL/95 80th percent lower confidence limit of the 95th percentile of the distribution
90 UCL 90th percent upper confidence limit
95 UCL - 95th percent upper confidence limit
AATDF - Advanced Applied Technology Demonstration Facility
ACFCWCD - Alameda County Flood Control and 'Water Conservation District
ACPW - Alameda County Public Works
AGS - AGS, Inc.
AIMD - Aircraft Intermediate Maintenance Department
ARAR - Applicable or relevant and appropriate requirement
Army - U.S. Army
ARRA - AlamedaReuse and Redevelopment Authority
ASTM - American Society for Testing and Materials
ATSDR - Agency for Toxic Substances and Disease Registry
AVGAS - Aviation gasoline
AVG - Average exposure
AWQC - Ambient water quality criterion
BART - Bay Area Rapid Transit
BCDC - San Francisco Bay Conservation and Development Commission
BCT - Base Realignment and Closure Cleanup Team
BCP - Base Realignment and Closure Cleanup Plan

xii



ABBREVIATIONS, ACRONYMS, AND SYMBOLS
(Continued)

bgs - Below groundsurface
BOD - Biological oxygen demand
BRAC Base RealignmentandClosure
BSU Bay sedimentunit
BTAG Biological TechnicalAdvisoryGroup
BTEX Benzene, toluene,ethylbenzene, andtotalxylenes
BTF Biotransferfactor
Cal/EPA CaliforniaEnvironmentalProtectionAgency
CAM CaliforniaAdministrativeManual
CANS Largeshipping containers
CBU ConstructionBattalionUnit
CCR California Code of Regulations
CERCLA ComprehensiveEnvironmentalResponse, Compensation,andLiabilityAct
CES CanonieEnvironmentalServices
CFR Code of Federal Regulations
CLEAN ComprehensiveLong-termEnvironmentalActionNavy
CLP ContractLaboratoryProgram
COC Chemicalof concern
COD Chemicaloxygen demand
COE U.S. Army Corpsof Engineers
COPC Chemicalof potentialconcern
CPT Cone penetrometertesting
CPM Countperminute

_' CRDL Contract-requireddetectionlimit
CRQL Contract-requiredquantitationlimit
CSF Carcinogenicslopefactor
CTO ContractTask Order
CV Coefficientof variation
DAF Dilution attenuationfactor
DCA Dichloroethane
DCF Dose conversionfactor
DDD Dichlorodiphenyldichloroethane
DDE Dichlorodiphenyldichloroethylene
DDT Dichlorodiphenyltrichloroethane
DHS California Department of Health Services
DOD U.S. Department of Defense
DOE U.S. Department of Energy
DOT U.S. Department of Transportation
DPDO Defense Property Disposal Office
DQO Data quality objective
DTSC California Department of Toxic Substances Control
DVECC Navy Disease Vector Ecology ControI Center
EDC Economic Development and Conveyance
E&E - Ecology and Environment Inc.
EBMUD East Bay Municipal Utilities District

xiii



ABBREVIATIONS, ACRONYMS, AND SYMBOLS
(Continued)

EBS - Environmental baseline survey
ECAO - Environmental Criteria and Assessment Office

EDB - Ethylene dibromide

EDE - Effective dose equivalent
EIS - Environmental impact statement
EDC - Economic development and conveyance

EOD - Explosive ordnance disposal
EPA - U.S. Environmental Protection Agency
EPC - Exposure point concentration
ERA - Ecological risk assessment
ER-L - Effects range - low
ERM - West - Environmental Resources Management West
ESA - Environmental Science Associates
FGC - California Fish and Game Code

FISC - Fleet and Industrial Supply Center
FMS - First Merritt Sand

FOSL - Finding of suitability to lease
FOST - Finding of suitability to transfer
fo¢ - Fractional organic carbon content
FS - Feasibility study
FSP - Field sampling plan
fi - Feet

ft/ft - Feet per feet
ft/min - Feet per minute
ft/s - Feet per second
ftZ/s - Square feet per second
FTA - Fire Training Area
FWBZ - First water-bearing zone
FWBZL - First water-bearing zone, lower
FWBZU - First water bearing zone, upper
g/cm 3 Gram per cubic centimeter
GC/MS Gas chromatography/mass spectrometry
GFAA Graphite furnace atomic adsorption
GGAS Golden Gate Audubon Society
GIS Geographic Information System
GOT Glutamic - oxalacetic transaminase

gpd Gallons per day
gpm Gallons per minute
HCH Gamma-hexachlorocyclohexane
HEAST Health Effects Assessment Summary Tables
HHRA Human health risk assessment
HI Hazard index

HQ Headquarters
HQ Hazard quotient
HPCDD Heptachlorinated dibenzo-p-dioxin
HSI Hydro-Search, Inc.
HXCDD Hexachlorinated dibenzo-p-dioxin

xiv



ABBREVIATIONS, ACRONYMS, AND SYMBOLS
• (Continued)

HXCDF Hexachlorinated dibenzofuran
HRG Habitat Restoration Group
HSI - Hydro-Search Incorporated
IAS Initial assessment study
ICP - Inductively coupled plasma
ICS - Interference check sample
IDW - Investigation-derived waste
IGWMC - International Ground Water Modeling Center
ILCR - Incremental lifetime cancer risk
IR - Installation restoration
IRIS - Integrated Risk Information System
IRP - Installation Restoration Program
IWTP - Industrial wastewater treatment plant
JMM - James M. Montgomery
IQ Distributioncoefficient
kg Kilogram
Ko¢ Organic carbon distribution coefficient
LFG Landfill gas
LBL Lead blood level

LBNL Lawrence BerkeleyNational Laboratory
LCL Lower confidence limit
LCS Laboratory control sample
LCS/LCSD Laboratory control sample/laboratory control sample duplicate
LDH Lactic acid dehydrogenase
LEL Lower explosive limit
LLNL Lawrence Livermore National Laboratories
LNAPL Light nonaqueous-phase liquid
LOEC Lowest observed effect concentration
LOEL Lowest observed effect level
LQAP Laboratory quality assurance plan
LUFT Leaking underground fuel tank
m Meter
MCL Maximum contaminant level
MCLG Maximum contaminant level goal
MCPA 2-Methyl-4-chlorophenoxyacetic acid
MCPP - 2-(2-Methyl-4-chlorophenoxy)-propionic acid
MDL - Method detection limit
mgikg - Milligram per kilogram
mg/kg-day - Milligram per kilogram per day
mL/g - Milliliter per gram
mg/L - Milligram per liter
MLLW - Mean lower low water
mm - Millimeter
MPR - Monthly progress report
MS/MSD - Matrix spike/matrix spike duplicate
MW - Montgomery Watson Consulting Engineers

xv



ABBREVIATIONS, ACRONYMS, AND SYMBOLS
(Continued)

NACIP Navy Assessment and Control of Installation Pollutants
NADEP Naval Aviation Depot Alameda
NAPL Nonaqueous-phase liquid
NARF Naval Air Rework Facility
NARU - Naval Air Reserve Unit
NAS Naval Air Station
NAVREGDENCEN - Naval Regional Dental Center
NAVREGMEDCEN - Naval Regional Medical Center
Navy - U.S. Navy
NCP - National Oil and Hazardous Substances Pollution Contingency Plan
NEESA - Naval Energy and Environmental Support Activity
NEPA - National Environmental Policy Act
NGS - National Geographic Society
NIST - National Institute of Standards and Technology
NLOU - Northwest landfill operable unit
NMOC - Nonmethane organic compound
NOAA - National Oceanic and AtmosphericAdministration
NOEL - No observed effect level
NPDES - National Pollutant Discharge Elimination System
NPL National Priorities List
NRCS Natural Resources Conservation Service
NTR National Toxics Rule
OSOU Offshore operable unit
OU Operable unit
OU-3 Operable Unit 3
PACFLTAVFAC - Pacific Fleet Audio-Visual Facility
PAH Polycyclic aromatic hydrocarbon
PCB Polychlorinated biphenyl
PCDD Polychlorinated dibenzo-p-dioxin
PCDF Polychlorinated dibenzo-furan
PCE Tetrachloroethylene
pCi Picocuries
PCTE Polychlorotrifluoroethylene
PCTR Proposed California Toxics Rule
PDF Probability density function
PEA Preliminary endangerment assessment
PEF Particulate emission factor
PID Photoionization detector
PPE - Personal protective equipment
PRC PRC Environmental Management, Inc.
PRG - Preliminary remediation goal
psi - Pound per square inch
PVC - Polyvinyl chloride
PWC - Public Works Center
PWCSFB - Public Works Center San Francisco Bay
PWD - NAS Alameda Public Works Department
QA - Quality assurance

xvi



ABBREVIATIONS, ACRONYMS, AND SYMBOLS

_, (Continued)

QAP - Qualityassuranceprogram
QAPP - Qualityassuranceprojectplan
QC - Qualitycontrol
QCSR - Qualitycontrol summaryreport
RAC - Remedialactioncontractor
RAO - Remedialactionorder
RBCA - Risk-based corrective action
RBSL - Risk-based screening level
RDBMS - Relational Database Management System
RfC - Reference concentration
RID - Reference dose
RI - Remedial investigation
RI/FS - Remedial investigation and feasibility study
RME - Reasonable maximum exposure
ROD - Record of decision
RPD - Relative percent difference
RRF - Relative response factor
RSF - Radionuclide slope factor
RWQCB - San Francisco Bay Regional Water Quality Control Board
SARA - Superfund Amendments and Reauthorization Act of 1986
SC - Clayey, fine sand
SCS - Soil Conservation Service
SDG - Sample delivery group
SFEI - San Francisco Estuary Institute
SHRTSC - Superfund Health Risk Technical Support Center
SIMA - Shore Intermediate Maintenance Activity
SM - Silty sand
SMCL - Secondary maximum contaminant level
SOP - Standard operating procedure
SOW - Statement of work
SP - Sand

SPLP - Synthetic Precipitate Leaching Procedure
SQL - Sample quantitation limit
SSPORTS - SSPORTS Environmental Detachment
STSC - Superfund Technical Support Center
SUF - Site use factor

SUPSHIP Supervisor of Shipbuilding, Conversion, and Repair
SVOC Semivolatile organic compound
SW Gravely sand
SWAT Solid wastewater quality assessment test
SWBZ Second water-bearing zone
SWBZL Second water-bearing zone, lower
SWBZU Second water-bearing zone, upper
SWRCB State Water Resources Control Board
TBC To be considered

xvii



ABBREVIATIONS, ACRONYMS, AND SYMBOLS
(Continued)

TCA Trichloroethane
TCE Trichloroethene

TCD Toxics Cleanup Division
TDS Total dissolved solids

TEF Toxicity equivalency factor
THC Total hydrocarbons
TIC - Tentatively identified compound
TOC - Total organic carbon
TPH - Total petroleum hydrocarbons
TPH-D - Total petroleum hydrocarbon-diesel
TPH-E - Total petroleum hydrocarbon-extractable
TPH-G - Total petroleum hydrocarbon-gasoline
TPH-MO - Total petroleum hydrocarbon-motor oil
TPH-P - Total petroleum hydrocarbon-purgeable
TRPH - Total recoverable petroleum hydrocarbons
TRV - Toxicity reference value
TSTA - Temporary storage and treatment area
TTC - Trophic transfer coefficient
TTLC - Total threshold limit concentration
TtEMI - Tetra Tech EM Inc.

UCL - Upper confidence limit
USACE - U.S. Army Corps of Engineers
USC - United States Code

USCS - Unified Soil Classification System
USDA - U.S. Department of Agriculture
USFWS - U.S. Fish and Wildlife Service

USGS - U.S. Geological Survey
UST - Underground storage tank
UXO - Unexploded ordnance
VFwamb - Chemical-specific groundwater to ambient air volatilization factor
VOA - Volatile organic analysis
VOC Volatile organic compound
VS/CS Verification step/characterization study
WET Waste Extraction Test

WQC Water quality criteria
WQO Water quality objective

xviii



EXECUTIVE SUMMARY

TheU.S. Navy (Navy) is conductinga remedialinvestigation(RI) for 25 installationrestoration(IR) sites

atAlamedaPoint(formerlyNaval Air Station[NAS] Alameda). NAS Alamedawas an active navalbase

between 1936 and 1997. This report presents the results, conclusions, and recommendations of the RI

conducted for IR Site 1 at Alameda Point. IR Site 1 consists of a former 14.7-acre landfill and a pistol

range area. This site is managed as Operable Unit (OU) 3 under the Alameda Point IR program.

The U.S. Army (Army) acquired land at Alameda Point from the City of Alameda in 1930 and began

construction activities in 1931. In 1936, the Navy acquired title to the land from the Army. After the

1941entry of the United States into World War II, more land was acquired and created using

hydraulically placed dredge and fill materials from San Francisco Bay. Naval operations at Alameda

Point ceased in April 1997. Currently, the Navy is preparing the property for return to the City of

Alameda. The City of Alameda is working with the Alameda Reuse and Redevelopment Authority to

determine appropriate reuse options for the land.

The Navy began site investigations at Alameda Point under the Navy Assessment and Control of

Installation Pollutants program in 1982. An initial assessment study (IAS) was conducted to assess the

entire installation and to identify areas where chemicals may have affected soils, groundwater, or both. A

characterization study and verificationstep were performed at sites identified for further study in the IAS.

TheNavy received a remedial action order on June 6, 1988, from the CaliforniaDepartment of Health

Services, now known as the California Department of Toxic Substances Control (DTSC). A total of 23

IR sites at Alameda Point were identified as needing a remedial investigation/feasibility study (RI/FS) in

conformance with the requirements of the Comprehensive Environmental Response, Compensation, and

Liability Act (CERCLA). RI activities at the 23 IR sites were conducted between 1988 and 1995. IR

Sites 24 and 25 were added to the IR program in 1997 and 1998, respectively. RI activities at IR Sites 24

and 25 are ongoing. The 25 IR sites were divided into OU-1 through OU-4. Dividing sites into OUs is a

management method used to group sites with similar environmental issues in order to facilitate

accelerated site investigation and cleanup.

The Navy conducted RI activities at Alameda Point in conformance with investigation work plans

prepared by the Navy and reviewed by federal and state regulatory agencies. The investigation activities

included collecting soil and groundwater samples at and around the IR sites and analyzing the samples.
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Soil and groundwater data collected were reviewed to ensure that they met data quality objectives

identified for the project. Human health and ecological chemicals of concern (COC) were identified for

IR Site 1by screening the chemical data collected against COC selection criteria identified for Alameda

Point.

IR Site 1 is located in the northwestern corner of Alameda Point and was operated between 1943 and

1956as NAS Alameda's main site for waste disposal. IR Site 1 includes seven disposal cells used for

waste disposal, a former burn area used for burning wastes, and a pistol range area. Major chemical

classes detected in landfill soil at IR Site 1 include petroleum hydrocarbons, volatile organic compounds

(VOCs), semivolatile organic compounds, polychlorinated biphenyls, pesticides, metals, and low-level

radiological materials. Limited quantities of small-caliber ordnance waste were also discovered at the

pistol range. The Navy plans to provide containment at IR Site 1 in accordance with the presumptive

remedy developed by the Environmental Protection Agency (EPA) and outlined in the "Application of the

CERCLA Municipal Landfill Presumptive Remedy to Military Landfills" interim guidance (EPA 1996).

Containment measures to isolate landfill refuse, minimize disturbances to the landfill surfaces, and reduce

off-site surface and subsurface contaminant migration include a landfill cap, a gas monitoring system (if

required), and groundwater remediation (if required).

Two sets of risk calculations are presented in this RI report because of technical differences between EPA

Headquarters, EPA Region 9, and California DTSC. The technical differences involve toxicity reference

values, dermal risk assessment, and exposure pathways. The two sets of risk calculations are based on the

following assumptions:

• Assumptions based on EPA guidance (referred to as the "Navy assumptions" in this
report)

• Assumptions based on California DTSC guidance (referred to as the "DTSC
assumptions" in this report)

Agreement could not be reached on the presentation of a single set of risk assessment values, but the use

of both sets of values will provide supplemental information tbr risk management decision making. Both

risk assessments are technically valid.

RI conclusions are based on human health risk assessment (HHRA) drivers, ecological risk assessment

(ERA) drivers, site conditions, and input from risk managers.
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For the HHRA, COCs were selected for surface soil at IR Site 1. Subsurface soil is not considered to be

an exposure medium at IR Site 1 because under the landfill presumptive remedy, the integrity of the cap

must be maintained, thereby ensuring that excavation and exposure to subsurface soil will not occur.

Exposure to groundwater through ingestion was not evaluated because groundwater at IR Site 1 is not

considered to be a drinking water source and is in the process of being de-designated by the Regional

Water Quality Control Board. However, VOCs present in groundwater could migrate from the first

water-bearing zone (FWBZ) through the vadose zone to ambient air, providing an exposure pathway to

human receptors through inhalation. Groundwater could also be pumped from a location upgradient of IR

Site 1 and used for irrigation. Both of these exposure scenarios were evaluated.

Because IR Site 1 will be capped as part of the presumptive remedy, exposure pathways for terrestrial

ecological receptors will be incomplete. Consequently, terrestrial ecological chemicals of potential

concern (COPC) were not identified, and no terrestrial ERA was conducted for IR Site 1. Chemicals in

shallow groundwater in the FWBZ beneath the site could contact surface waters of the San Francisco Bay

and potentially affect aquatic ecological receptors. This groundwater ecological exposure scenario was
therefore evaluated for the ERA.

The following chemicals in soil at IR Site 1 were found to pose a human health risk exceeding 1.0E-06:

chromium, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, indeno(1,2,3-cd)pyrene, and

dibenzo(a,h)anthracene. The results of the HHRA show that radionuclide concentrations in soil at IR Site

1 are below the EPA target levels of 5 picocuries per gram (pCi/g) for surface soil and 15 pCi/g for

subsurface soils. The HHRA indicates that the overall human health risks associated with shallow soil at

the site are slightly above the acceptable carcinogenic risk range of 1E-4 to 1E-6using DTSC

assumptions and are less than the hazard index (HI) value of 1. Human health risks from site

groundwater attributable to spray irrigation and volatilization from subsurface groundwater are below 1E-

06 for the carcinogenic risk and below an HI of 1.

ERA results indicate that 4-chloro-3-methylphenol; 2,4-dimetlhylphenol;2-methylphenol; 1,2-

dichloroethene; toluene; and xylene are ecological COCs at a groundwater hot spot near two monitoring

well clusters. The ERA also indicates that no ecological risk is posed by constituents in groundwater

outside of the hot spot.
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Several ancillary investigations were conducted at IR Site 1,but their results were not used in the risk

assessment. These investigations are summarized below and include: (1) a pistol range investigation,

(2) a funnel-and-gate demonstration, (3) radiological surveys,,and (4) an unexploded ordnance (UXO)

survey.

• Pistol range investigation results indicate that lead is present in soil at the pistol range at
levels that could pose a risk to human health. Modeling results indicate that lead could
leach from the pistol range at levels that could adversely impact aquatic receptors in the
bay. However, this risk would be mitigated by the grading required for cap installation
and will be addressed in the OU-3 FS.

• The funnel-and-gate demonstration facilitated more detailed characterization of the
groundwater plume near the M028 well cluster. Results of the plume delineation were
used to more fully characterize volatile ecological COC plumes (1,2-dichloroethene;
toluene; and xylene) in Figure 6-29.

• Comprehensive radiological survey results indicated a higher number of anomalies than
anticipated, both within and outside of IR Site 1 boundaries. Although anomalies were
discovered beyond the current boundaries, the IR Site 1 boundaries were not redefined
based on survey results. Radioactive dials will be removed in August 1999to ensure that
no areas exist where radiation exposure rates exceed an average of 50 microRoentgens
per hour at 1meter above the ground surface inside IR Site 1 boundaries and an average
of 20 microRoentgens per hour at 1 meter above the ground surface outside IR Site 1
boundaries. No further remedial actions for radiological anomalies will be required after
the removal action is completed.

• Significant quantities of UXO were removed near the pistol range in 1998. No additional
surface evidence of UXO was found during a surface area sweep of the entire outside
boundary of IR Site 1 in May 1999. A geophysical survey was conducted in an area of
about 3 acres that encompasses the pistol range. A summary report that will include
UXO removal recommendations is currently being prepared. The final extent of the
UXO removal will meet the requirements of the Department of Defense Explosives
Safety Board prior to property transfer.

Several data gaps have been identified for OU-3 that will impact the FS. The data gaps are as follows: (1)

a methane survey has not been conducted at IR Site 1; however, methane is not expected to be present at

the landfill at levels exceeding ARARs because the landfill was closed in 1956; (2) a known groundwater

hot spot is present at the site; however, the eastern boundary of the hot spot has not been delineated; (3)

shoreline wells are not spaced at adequate intervals to determine with an acceptable degree of certainty

that groundwater plumes are not adversely impacting aquatic receptors; (4) In 1991,cyanide was detected

at levels that could pose an unacceptable risk to aquatic receptors in monitoring well M025; this well has

not been resampled for cyanide analysis since that time. A sampling program will be implemented to

v
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address these data gaps and results will be incorporated into an OU-3 RI addendum and the FS report, as

appropriate.
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CHAPTER 1

INTRODUCTION

The U.S. Navy (Navy) is conducting a remedial investigation (RI) of 25 installationrestoration (IR) sites

at Alameda Point (formerly Naval Air Station [NAS] Alameda) in Alameda, California (Figure 1-1). This

ILlreport presents the results, conclusions, and recommendations of the RI conducted for IR Site 1 at

Alameda Point. This site is managed as Operable Unit (OU) 3, under the Alameda Point IR program

(IRP) as described later in this chapter.

Alameda Point is located on the west end of Alameda Island, which lies on the east side of San Francisco

Bay adjacent to the City of Oakland• Alameda Point is approximately 2 miles long from east to west and

1mile wide from north to south, rectangular in shape, and occupies 1,734acres. The R! was conducted

from 1988to 1995,under the oversight from the California Department of Toxic Substances Control

•(DTSC), the San Francisco Bay Regional Water Quality Control Board (RWQCB), and the U.S.

Environmental Protection Agency (EPA) Region 9. The Na'_3' is conducting the RI in conformance with

the Comprehensive Environmental Response, Compensation,,and Liability Act (CERCLA) (EPA 1988a).

1.1 OBJECTIVES

This RI report presents the results of the investigation undertaken to assess site characteristics and the

nature and extent of chemical contamination at IR Site 1, the only site managed under OU-3. IR Site 1

consists of a 14.7-acre landfill and contains a former pistol range area. The RI results were used to assess

risks to human health and the environment; risks posed by the site are discussed in Chapter 6 of this

report. The RI results will also be used to evaluate remedial alternatives as part of the feasibility study

(FS) for IR Site 1. The IR Site 1 RI objectives were as follows:

• Evaluate the site geology and hydrogeology

• Assess the nature and extent of chemical contamination at the site

• Assess the natureand extent of chemical migration at the site

• Evaluate risks through a human health risk assessment (HHRA) and an ecological risk
assessment (ERA) for the site

• Collect data to support future activities, including screening of remedial alternatives
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1.2 REPORT ORGANIZATION

This report is divided into six chapters and 14 appendixes. The remainder of Chapter 1 presents historical

information for Alameda Point. Chapter 2 discusses the physical setting, geology, hydrogeology,

ecology, future land uses, and background chemical conditions of soil and groundwater at Alameda Point.

Chapter 3 provides details on investigative and sampling techniques used during the RI, data quality

objectives (DQO), and data validation procedures. Chapter 4 discusses chemical-, location-, and action-

specific applicable or relevant and appropriate requirements (ARAR) for Alameda Point. Chapter 5

describes the HHRA and ERA methodologies used for the RI. Chapter 6 presents discussions of RI

activities and results, ancillary IR Site 1 investigations, risk assessment results, and conclusions.

Appendixes A through N provide supporting documentation and calculationsfor the RI report. All tables

and figures cited within the text of the report are provided at the end of the chapter in which they are cited

and are numbered consecutively in the order in which they are cited. However, the figures for Chapter 6

are presented in a separate volume.

The chapters and appendices described above are organized into three volumes as listed below.

• Volume I Executive Summary, Chapters 1 through 5 (text, tables, and figures)
Chapter 6 (text and tables), and References

• Volume II Figures for Chapter 6

• Volume III Appendixes A through M

1.3 INSTALLATION-WIDE HISTORICAL BACKGROUND

This section provides a history of the land now known as Alameda Point and the operations performed on

the land from the 1800s to the current time period. This section also provides details on the hazardous

wastes generated during past activities at Alameda Point and describes past disposal and storage practices

associated with these wastes.

1.3.1 Installation History

The western tip of Alameda Island (prior to the construction of Alameda Point) was farmed in the 1800s

before becoming an industrial and transit center. Railroad yards and rights-of-way for Southern Pacific;
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Central Pacific; and small local railways were built over the site and sloughs to the north in the late

1800s. The western terminus for the transcontinental railroad was at the southeastern corner of the site

for a short period in 1869. Before 1930, at least two large industrial facilities (an oil refinery and a borax

processing plant) were located on the western tip of Alameda Island. The oil refinery was located

southeast of the borax plant at the southwestern corner of the Main Street and Pacific Street intersection.

The borax plant was also located on the dry land at the southeastern corner of what is now the W. Atlantic

Avenue and Orion Street intersection (Sanborn-Ferris Map Company [Sanborn] 1897).

The U.S. Army (Army) acquired the western tip of Alameda Island from the City of Alameda in 1930 and

began construction activities in 1931. In 1936, the Navy acquired title to the land from the Army and

began building NAS Alameda (the installation) in response to the military buildup in Europe before

World War II. The construction involved filling the natural tidelands, marshes, and sloughs between the

Oakland Inner Harbor and the western tip of Alameda Island. The fill largely consisted of dredge spoils

from the surrounding San Francisco Bay and Oakland Inner Harbor. After the United States entered the

war in 1941, the Navy acquired more land west of the installation. Following the end of the war, the

installation continued its primary mission of providing facilities and support for fleet aviation activities.

During its operations as an active naval base, the installation provided berthing for Pacific Fleet ships and

_, was a major center of naval aviation.

Alameda Point was identified for closure in September 1993, and the installation ceased all naval

operations in April 1997. The Navy is currently in the process of returning the land to the City of

Alameda. The City of Alameda is working with the Alameda Reuse and Redevelopment Authority

(ARRA) to determine appropriate reuse activities for the land.

1.3.2 History of Operations and Chemical Use at the Installation

The installation and its two largest tenants, the Navy PublicWorks Center(PWC) and Naval Aviation

Depot Alameda (NADEP), supported several activities involving use of substances such as industrial

solvents, acids, paint strippers, degreasers, caustic cleaners, and metal plating. Oils, fuels, and asbestos

were also used at the installation. Navy and tenant activities at the installation are described below.

• The Aircraft Intermediate Maintenance Department (AIMD). AIMD was responsible for
intermediate repair of aircraft components for transient and tenant aircraft. AIMD used
substances such as fuel products and cleaning solvents.
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• Air Operations. The PWC and NADEP supported a wide variety of air operations across the
installation. These operations used substances such as fuel products and cleaning solvents. v

• Waterfront Operations. The installation operated a deep water port capable of berthing
aircraft carriers. The Operations Department, through the Port Services Division, operated
and maintained service craft, provided berthing facilities, and provided environmental
cleanup services around the piers.

• Navy Exchange Service Stations. Two service stationswere operatedon the installation.
Waste oils generated at both stations were stored in underground tanks and were pumped out
as needed by a local contractor (E&E 1983).

• Weapons Department. The Weapons Department was responsible for receiving, storing,
issuing, and shipping ammunition, ammunition components, and explosives. The department
also operated a small arms firing range and saluting battery and coordinated ordnance
disposal with the explosive ordnance disposal (EOD) detachment.

• Supply Department. The Supply Department was responsible for performing fueling
support activities. Fuel products were routinely used by the Supply Department.

• Pest Control. PWC used insecticides as well as herbicides for weed control in various areas
of the installation. The insecticides chlordane, lindane, and dichlorodiphenyltrichloroethane
(DDT) as well as the herbicides Telvar, Chlorvar, and 2,4-dichlorophenoxyacetic acid (2,4-D)
were used for pest control.

Several other tenants and support units may have used minor amounts of fuel products, pesticides,

polychlorinated biphenyls (PCB), and cleaning solvents among other chemicals. These tenants and units

are listed below.

• Construction Battalion Unit (CBU) 416

• Commander Naval Air Force, U.S. Pacific Fleet Material Representative

• DefensePropertyDisposalOffice(DPDO)

• Navy Disease Vector Ecology Control Center (DVECC)

• Alameda Detachment, EOD Group One

• Marine Air Group 42

• Marine Barracks

• Naval Air Reserve Unit (NARU)
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• Navy PWC - San Francisco Bay

- Building 114 (public works shops and pesticide shop)
- Building 6 (transportation shop)
- Power Plant - Building 10
- Power Plant - Building 584

• Naval Regional Dental Center (NAVREGDENCEN) Branch Clinic

• Naval Regional Medical Center (NAVREGMEDCEN) Branch Clinic

• Pacific Fleet Audio-Visual Facility (PACFLTAVFAC) Component

• Shore Intermediate Maintenance Activity (SIMA)

• Supervisor of Shipbuilding, Conversion, and Repair (SUPSHIP)

1.3.3 Waste Disposal and Storage Activities

Most industrial wastes generated at the installation were disposed of in one of three locations: (1) the

1943-1956 disposal area (IR Site 1), (2) the West Beach Landfill (IR Site 2), or (3) San Francisco Bay

(Figure 1-2). Most of the wastewater generated at the installation was discharged to storm sewers;

however, before the early 1970s,an estimated 50,000 pounds per month of accumulated sludges, spent

liquids, and solid process material was disposed of at the West Beach Landfill (E&E 1983). After 1972,

the wastewater was diverted into either pretreatment facilities (constructed at Buildings 5, 24, 25, 32, and

360) or the East Bay Municipal Utilities District (EBMUD) wastewater system (Figure 1-3). All solid

wastes continued to be disposed of at the West Beach Landfill. Details of waste disposal operations at the

installation were compiled during the initial assessment study (IAS) conducted under the Navy

Assessment and Control of Installation Pollutants (NACIP) program (E&E 1983).

As noted previously, most of the industrial wastewater generated at the installation before 1972 was

discharged directly to the storm drains (IR Site 18). The storm drains discharged to the Seaplane Lagoon

(IR Site 17), the area between Piers 1 and 2 (IR Site 24), and the Oakland Inner Harbor (IR Site 20).

Investigation and cleanup activities at these sites are being conducted under OU-4 and the sediment work

group as described later in this chapter.

Between 1972 and 1975, the industrial wastewater collection system was rerouted to discharge to the

EBMUD wastewater system. One industrial wastewater treatment plant (IWTP) that meets EBMUD
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influent standards remains active at Building 25. The IWTP at Building 25 was used to treat and reduce

chromium wastes; it currently processes wastewater generated from building cleaning operations and is

scheduled for closure. Five other IWTPs existed in Buildings 5, 24, 32, 360, and 410. The IWTPs at

Buildings 5, 24, 360, and 410 have gone through closure, and the IWTP at Building 32 is ongoing. The

IWTPs at Buildings 5 and 24 were used to treat and reduce chromium wastes. The IWTP at Building 32

was used to treat chromium, cyanide, and phenol wastes. The IWTP at Building 360 was used to treat

chromium and cyanide wastes; also, the pretreatment pit at Building 360 was used to adjust pH before the

waste was released to the industrial sewer. The IWTP at Building 410 was used to treat chromium and

phenol wastes.

1.4 INSTALLATION-WIDE ENVIRONMENTAL INVESTIGATIONS

This section briefly describes the environmental investigations performed at Alameda Point. Table 1-1

summarizes investigations conducted at IR Site 1 prior to and under the IRP. The following subsections

provide an overview of investigation activities conducted across all sites covered by the IRP.

1.4.1 Investigations Conducted Before the Initiation of the Installation Restoration
Program

In 1979, the Navy conducteda fuel contaminationstudyto investigatethe extentof subsurfacefuel

contaminationin the vicinity of IR Site3 (KennedyEngineers 1980). Under the NACIPprogram

initiatedin 1982, an IAS was conductedto assess the entireinstallationfor areaswhere contaminantsmay

have affectedsoils andgroundwater(E&E 1983). A verificationstep/characterizationstudy(VS/CS) was

then performedin 1985at sites identifiedfor furtherstudy in the IAS (WahlerAssociates 1985).

1.4.2 Investigations Conducted Under the Installation Restoration Program

The Navy received a remedial action order (RAO) on June 6, 1988, from the California Department of

Health Services, now known as DTSC. A total of 23 sites were identified as needing an RI/FS in

conformance with the requirements of CERCLA. Between 1!)88and 1995, the Navy conducted

investigations to support the development of RI/FS reports for the 23 IR sites. A 24th site at Alameda

Point (between Piers 1 and 21)was added to the list of IR sites in 1997,and a 25th site was added to the

IRP in June 1998 based on the ongoing environmental baseline survey (EBS) described below.
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The Navy undertook the RI/FS at the initial 23 IR sites using a phased approach. Table 1-1 lists the

various environmental investigation phases performed under the RI/FS program and the sites investigated

under each phase.

Investigations for Phases 1, 2A, 2B, and 3 were conducted initially to evaluate the potential impact of site

operations on soil and groundwater. Investigation results were summarized in two reports referred to as

the Phases 1 and 2A report (PRC Environmental Management, Inc. [PRC], and Montgomery Watson

[MW] 1993a) and Phases 2B and 3 report (PRC and James M_Montgomery [JMM 1992a]). During 1994

and 1995, two follow-on investigations were conducted to collect data in order to fill the gaps remaining

from the Phases 1 and 2A and Phases 2B and 3 investigations. These follow-on investigations are

referred to in this report as the Contract Task Order (CTO) No. 260 follow-on investigation (PRC and

MW 1996a) and the CTO No. 280 follow-on investigation (PRC and MW 1995), respectively. The CTO

No. 260 follow-on investigation was conducted at IR Sites 4, 5, 8, 10, 12, and 14. The CTO No. 280

follow-on investigation was conducted at IR Sites 1, 2, 3, 6, 7, 9, 11, 13, 15, 16, 19, 21, 22, and 23.

The Phase 4 investigation (ecological assessment) was conducted from 1991 to 1993 and 1996 to 1998 at

IR Sites 17, 20, and 24 (PRC 1994). The ecological assessment was conducted to: assess ecological

impacts using a risk-based approach; determine whether any of the IR sites provide necessary habitats for

special status species (defined in Chapter 2); identify benthic communities inhabiting the sediments at the

sites; and investigate the potential for adverse effects on ecological receptors resulting from exposure to

site-related chemicals. The 1996 to 1998 investigation focused on delineating the extent of the

contamination that was identified at the sites during the 1991 to 1993 investigation.

From 1992 to 1993, the Phases 5 and 6 solid wastewater quality assessment test (SWAT) investigation

was performed at IR Sites 1 and 2. This investigation was conducted to evaluate whether the

groundwater at IR Sites 1 and 2 had been impacted by chemicals that may have been disposed of at the

1943-1956disposal area (IR Site 1) and West Beach Landfill (IR Site 2). Additional groundwater

sampling has been conducted at Alameda Point under CTO No. 108 to track the nature and extent of

groundwater contamination at selected wells and to provide more data to support ongoing risk assessment

and FS activities.

The IR sites and the associated buildings are shown in Figure 1-3. Table 1-2 cross-references old and

new street names for use in other sections of this report. Most street names were changed after the

installation was closed.
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1.4.3 Environmental Baseline Survey

After AlamedaPointwas chosen for closure in September 1993,ongoing environmentalrestorationand

complianceprogramswere coordinatedwithacceleratedpropertyconversion andreuse activities. As

mandatedunder theBase Closure andRealignmentAct of 1988and the Defense Base Closure and

RealignmentAct of 1990, collectively referred to as (BRAC), an EBS was performedto identifythe

environmentalconditionof all property affectedby the installationclosure. As partof theEBS, all

AlamedaPoint on-shorepropertywas dividedinto 208 parcels groupedinto 23 zones basedon

geographiclocationandexpectedlanduse. Site-specificinfon_nationgatheredduringtheEBS was used

to determineeachparcel's suitabilityfor lease or transferbaseduponeach parcel's intendeduse and the

DefenseAuthorizationAct of 1997(enactedin September 1996).

1.5 OPERABLE UNIT DESIGNATIONS

A comprehensiveOU strategywas developedat Alameda Pointby the BRAC Cleanup Team (BCT)

(BRAC Cleanup Plan [BCP] 1997). This strategy consolidated the initial 23 IR sites and Site 24 into four

OUs as a management tool to accelerate site investigation, cleanup, and reuse. The 24 sites were

originallyorganized into OUs as below.

• OU-I: IR Sites 3, 6, 7, 8, 9, 11, 12, 14, 15, 16, 22, 23
• OU-2: IR Sites2, 4, 5, 10, 13, 19, 21
• OU-3: IR Site 1

• OU-4: IR Sites 17, 18,20, 24

OU-1 sites were relatively small sites with low levels of contamination related to historicalpetroleum, oil,

and lubricant use. Because of the relatively low levels of contamination present, the sites were

anticipated to be closed with minimal effort and cost and therefore had the potential for early transfer to

the community for reuse. OU-2 sites were identified as high reuse potential sites in their current

configuration of industrialand office buildings and existing manufacturing, maintenance, and repair

infrastructures. OU-3 consisted oflR Site 1, a former landfill. OU-4 consisted of the aquatic

environments at IR Sites 17, 18, 20, and 24 as shown in Figure 1-2.

During reviews and revisions of the draft OU-1 RI report (February to April 1998), the BCT evaluated

groundwater contamination in the vicinity of OU-I sites with potential contamination sources at OU-2

sites. During the same time period, IR Site 25 (Parcel 182)was added to the IRP. The BCT decided that
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OU- 1and OU-2 sites located in close proximity would best be addressed under a single OU because of

the potential for the migration of groundwater contamination from OU-2 sites to OU-1 sites. The BCT

therefore revised the OU designations, and the 25 IR sites were redistributed under four OUs. The Navy

organized the four OUs into four conveyance parcels for the purposes of transferring IR program property

to the community. The Navy plans to prepare one set of CERCLA documents for each conveyance

parcel. The following table lists the OUs and IR sites included under each of the four conveyance parcels.

The OU names were selected based on the geographical locations of the sites and historical Navy

activities carried out at the sites within each OU.

Conveyance OU OU Description IR Site
Parcel

Aa Not Applicable
B 1 Light Industrial Area 6, 7, 8, 15, 16
C 3 Northwestern Landfill 1
D 2 Central Industrial Area 5, 10, 12

Eastern Industrial Area 3, 4, 11, 21
Southeastern Industrial Area 9, 13, 19, 22, 23

Harbor Side Area 14,25
E 4 West Beach Area 2

Storm Sewer System 18

Note:

a Parcel A includes non-IRP property covered under the EBS program.

A regional sediment work group has been formed by the Navy to evaluate remedial alternatives for

sediments at several naval bases around San Francisco Bay, including Mare Island, Hunters Point, and

Alameda Point. The sediment work group will address offshore locations at Alameda Point, including IR

Sites 17 (the Seaplane Lagoon), 20, and 24. The sediment work group will also address offshore

sediments at IR Site 1 and other IR sites as appropriate.

The following subsections briefly describe the IR sites included in each of the IRP-related conveyance

parcels and the efforts of the regional sedimentwork group.

1.5.1 Conveyance Parcel A

Conveyance Parcel A consists of non-IRP property undergoing an EBS as discussed in Section 1.4.3. The

non-IRP property is currently scheduled to be transferred to the City of Alameda in fall of 1999 after

completion and signing of a National Environmental Policy Act (NEPA) record of decision (ROD) and
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completion of economic development and conveyance (EDC) negotiations. Prior to completion of the

NEPA ROD, the Navy will prepare a finding of suitability to transfer (FOST) for the non-IRP property

that will be based on the EBS and finding of suitability to lease (FOSL) documents completed for

Alameda Point. The FOST will reference the environmental impact statement (EIS) currently being

prepared for the NEPA ROD and will include a purpose statement, property descriptions, a NEPA

compliance statement, and a statement of the environmental condition of the property. Also included in

the FOST will be any deed restrictions or notifications. Currently, the FOST for non-IRP property is

scheduled for completion by July 1999.

1.5.2 Conveyance Parcel B

Conveyance Parcel B consists of a single OU (OU-1) as shown in Figure 1-2. OU-1 includes soil and

groundwater matrices at IR Sites 6, 7 (formerly 7A), 8, 15,and 16. The five OU- 1 sites are described

below.

• IR Site 6: Building 41 - Aircraft Intermediate Maintenance Facility

• IR Site 7: Building 459 - Navy Exchange Service Station

• IR Site 8: Building 114 - Pesticide Storage Area

• IR Site 15: Buildings 301 and 389 - Former Transformer Storage Area

• IR Site 16: Building 338 - C-2 large shipping containers (CANS) Area (Equipment
receiving, storage, and shipping)

The five sites listed above are small sites with relatively low levels of contamination. Chemicals detected

in soil and groundwater at OU-1 sites are related to historical petroleum, oil, and lubricant use. Because

of the relatively low levels of contamination present, the sites are anticipated to be closed with minimal

effort and cost and therefore have the potential to be transferred soon to the community for reuse. In

addition, sites contaminated with only petroleum do not need to be cleaned up prior to transfer, and some

sites in OU-1 that are contaminated with only petroleum may be currently eligible for transfer under

CERCLA. As a result, OU-1 sites have a high cleanup priori.ty.
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1.5.3 Conveyance Parcel C

ConveyanceParcelC consists of IR Site 1, the 1943-1956disposal area at AlamedaPoint(Figure 1-2).

Constructionof a golf course is plannedfor ConveyanceParcelC,which is expected to have long-term

reuse potential. This report addressesIR Site 1, which is managedunder OU-3.

1.5.4 Conveyance Parcel D

Conveyance Parcel D consists of 14 IR sites. Twelve of these sites are in the central, eastern, and

southeastern areas shown in Figure 1-2. These IR sites have been identified as high reuse potential sites

in their current configuration of industrial and office buildings and existing manufacturing, maintenance,

and repair infrastructures. Conveyance Parcel D also includes IR Sites 14 and 25 under the Harbor Side

Area. OU IR Site 25 is included in areas identified for residential and related uses.

1.5.5 Conveyance Parcel E

Conveyance Parcel E consists of a single OU (OU-4) as shown in Figure 1-2. OU-4 consists of IR Site 2

(the former landfill) OU and IR Site 18 (the storm sewer system). IR Site 2 lies in the wildlife reuse area

identified in the Alameda Point reuse plan. IR Site 18 has recently been considered for inclusion in each

appropriate OU. A storm sewer repair program is being conducted at IR Site 18. The storm sewer

sections requiring repair will be specified in the storm sewer repair final report. However, manhole

sampling recommendations needed to identify the sections of storm sewer requiring repair within

individual site boundaries are being made in the RI reports associated with the sites. The storm sewer

repair program does not affect IR Site 1 in OU-3 because ecological chemicals of concern (COC) at levels

above screening criteria are not in close proximity to any storm sewer lines at this site.

1.5.6 Regional Sediment Work Group

The aquatic environments at IR Sites 17 (Seaplane Lagoon), 20 (Oakland Inner Harbor), and 24 (Piers 1

and 2) are being addressed by the regional sediment work group. The sediment work group was formed

to evaluate remedial alternatives on a regional basis for San Francisco Bay Area (Bay Area) naval

installations, including Alameda Point, Hunters Point, and Mare Island. Sediment sites are water sites,

and therefore land reuse is not involved. However, economic reuse of these IR sites is planned. IR Site
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17, the Seaplane Lagoon, is slated for reuse as a marina, and IR Sites 20 and 24 are slated for potential

reuse as ferry terminals and docking areas.

Offshore sediment at Alameda Point, including that at IR Site 1, will be addressed by the sediment work

group.
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TA_BLE1_1
SUMMARY OF HISTORICAL ENVIRONMENTALINVESTIGATIONS

ALAMEDA POINT
(Page 1 of 3)

Year Investigation Title IR Site Investigated Reference
Pre-IRP Investigations
1979 Subsurface Fuel Contamination Site 3 - Site Area 97 Kennedy Engineers 1980

Study Site 11 - Buildin_410
1982 Initial Assessment Study Site 1 - 1943-1956Disposal Area Ecology and

Site 2 - West BeachLandfill Environment, Inc. 1983
Site 3 - Area 97

Site 4 - Building 360
Site 11 - Building 14(fuel lines)
Site 13 - Former OilRefinery
Site 14 - Fire Training Area
Site 15 - Buildings301 and 389
Site 16 - CANS Area

Site 17 - Seaplane Lagoon
Site 20 - Oakland Inner Harbor
Site 24 - Pier 1 and 2 Sediments

1985 Verification Site 1 - 1943-1956DisposalArea Wahler Associates 1985
Step/Characterization Study Site 2 - West BeachLandfill

Site 3 - Area 97

Site 4 - Building 360

1987 Tank Testing Survey Site 7 - Building 459 ERM-West 1987
Site 22 - Building547

IRP Investigations
1990 Phases 1 and 2A - Field Site 1 - 1943-1956Disposal Area JMM and PRC 1992a

Investigation and Data Summary Site 2 - West BeachLandfill
Report Site 3 - Area 97
(CTO No. 121) Site 4 - Building 360

Site 9 - Building 410
Site 13- Former OilRefinery
Site 16- CANS Area
Site 19 - Yard D-13

Site 22 - Building 547
Site 23 - Building530

S:LA.LAMEDA\CTO166kRI-TABLES_ENVINVTBL1- IDOC



TABLE 1-1
SUMMARYOF HISTORICAL ENVIRONMENTAL INVESTIGATIONS

ALAMEDA POINT
(Page 2 of 3)

Year Investigation Title IR Site Investigated Reference
IRP Investigations (Continued)
1991 Phases 2B and 3 - Field Site 4 - Building 360 JMM and PRC 1992b

Investigation and Data Summary Site 5 - Building 5
Report (CTO No. 121) Site 6 - Building 41

Site 7 - Building 459
Site 8 - Building 114
Site 10 - Building400
Site 11 - Building 14
Site 12 - Building 10
Site 14 - Fire Training Area
Site 15 - Buildings301 and 389
Site 21 - Building 162

1993-1994 Phase 4- EcologicalAssessment Site 1 - 1943-1956DisposalArea PRC 1994, TtEMI 1998
1996-1997 Site 2 - West BeachLandfill

Site 17 - SeaplaneLagoon
Site 20 - Oakland Inner Harbor
Other Associated Wetlands

1992-1993 Phases 5 and 6 - Solid Site 1- 1943-1956Disposal Area PRC and MW 1996a
Wastewater Quality Assessment Site 2 - West BeachLandfill
Test Investi[ation

1994-1995 Follow-on Field Investigation Site 4 - Building 360 PRC and MW 1996
and Data Transmittal Site 5 - Building 5
Memorandum (CTO No.260) Site 8 - Building 114

Site 10 - Building400
Site 12 - Building 10
Site 14- Fire Traininl[Area
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TABLE 1-1
SUMMARY OF HISTORICAL ENVIRONMENTAL INVESTIGATIONS

ALAMEDA POINT

(Page 3 of 3)

Year Investigation Title IR Site Investigated Reference
IRP Investigations (Continued)
1994-1995 Follow-on Field Investigation Site 1 - 1943-1956Disposal Area PRC and MW 1995

and Data Transmittal Site 2 - West BeachLandfill
Memorandum (CTO No. 280) Site 3 - Area 97

Site 6 - Building 41
Site 7 - Building 459
Site 9 - Building 410
Site 11 - Building 14
Site 13 - Former OilRefinery
Site 15 - Buildings301 and 389
Site 16 - CANS Area
Site 19 - Yard D-13

Site 21 - Building 162
Site 22 - Building 547
Site 23 - Building 530

In Progress Phase 7 - Comprehensive All Sites NiA
Remedial Investigation Reports

In Progress Phase 8 - Feasibility Study Al! Sites N!A
Report

Notes:

Investigations at IR Site 18 (Alameda Point Storm Sewer System) were conductedas part of investigation activities at various IR sites
above.

CANS - Large shipping containers
CTO - Contract Task Order

ERM-West - Environmental Resources Management West
IRP - Installation restoration program
JMM - James M. Montgomery
MW - Montgomery Watson Consulting Engineers
PRC - PRC Environmental Management, Inc.
TtEMI - Tetra Tech EM, Inc.
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TABLE 1-2
ALAMEDA POINT STREET NAMES

_' ALAMEDAPOINT

Former Street Name Interim Street Name Current Street Name
A Street ArizonaStreet W. Red Line Avenue

B Street BainbridgeStreet W. Essex Drive
C Street CoralSea Street W. MidwayAvenue
D Street Dolphin Street W. RangerAvenue
E Street Essex Street W. Hope Avenue
F Street Fulton Street W. Tower Avenue
G Street Guam Street W. Trident Avenue

H Street Haylor Street W. Seaplane Lagoon
I Street Ingersoll Street Not renamed
J Street Jouett Street Not renamed
K Street Kincaid Street W. Pacific Avenue

L Street Lexington Street W. Oriskany Avenue
M Street Midway Street W. Ticonderoga Avenue
N Street Normandy Street W. Hornet Avenue

1st Avenue NA Monarch Street
2nd Avenue NA Lexington Street
3rd Avenue NA Saratoga Street
4th Avenue NA Todd Street
5th Avenue NA Pan Am Way (between A and F

Streets)
Ferry Point (between F and N
Streets)

6th Avenue NA Moonlight Terrace
7th Avenue NA Rainbow Court
8th Avenue NA Viking Street
9th Avenue NA Orion Street
10th Avenue NA Not renamed
1lth Avenue NA Skyhawk Street
12th Avenue NA Hancock Street

Between B and C Streets Capt. Dodge Place W. Cpt. Dodge Place
Between B and C Streets Mall Square W. Mall Square
(Building 1)
Essex Street east of 5th Essex Street Sunrise Court
Avenue
Miramar Road Stardust Place
Glenview Serenade Place
Alameda Avenue W. Essex Drive
Main Gate Navy Way

Note: Street names not listed above are unchanged.
W - West
NA - Not applicable
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CHAPTER 2

INSTALLATION-WIDE SITE DESCRIPTION

This chapter provides information on the physical, geological, hydrogeological, and ecological features of

the installation. In addition, this chapter provides information on future land uses and background

chemical concentrations in soils and groundwater at Alameda Point.

2.1 PHYSICAL SETTING

The installation is located on Alameda Island which lies at the base of a gently westward-sloping plain

that extends from the Berkeley Hills on the east to the shore of San Francisco Bay on the west. Originally

a peninsula, Alameda Island was detached from the mainland in 1902 when a channel was cut linking San

Leandro Bay with San Francisco Bay. The northern portion of Alameda Island was formerly tidelands,

marshlands, and sloughs adjacent to the historical San Antonio Channel, now known as the Oakland Inner

Harbor. Most of the land that is now the installation was created by filling the natural tidelands,

marshlands, and sloughs with dredge spoils from the surrounding San Francisco Bay, the Seaplane

Lagoon, and the Oakland Inner Harbor (Figure 2-1).

The Bay Area experiences a maritime climate with mild summer and winter temperatures. Prevailing

winds in the Bay Area are from the west. Because of the varied topography of the Bay Area, climatic

conditions vary considerably throughout the region. Heavy fogs occur on an average of 21 days per year.

The installation averages approximately 18 inches of rainfall per year, primarily from October through

April (Air Traffic Control, NAS Alameda, 1992). The installation has no naturally occurring surface

streams or ponds, so precipitation either returns to the atmosphere by evapotranspiration, runs off in the

storm drain system that discharges to San Francisco Bay, or infiltrates to the groundwater.

2.2 GEOLOGY

This section provides an overview of the geology of the San Francisco Bay region, East Bay Margin, and

Alameda Point.
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2.2.1 San Francisco Bay Regional Geology

The installation is located in the central portion of the eastern side of San Francisco Bay and occupies a

depression between two uplifted areas: the Berkeley Hills on the east and the Montara and other

mountains on the west. The depression and uplifted areas are formed by two subparallel active faults: the

San Andreas Fault to the west and the Hayward Fault to the east of the bay. The installation and bay are

underlain by metamorphosed sandstone, siltstone, shale, graywacke, and igneous bedrock of Jurassic age,

all of which form the Franciscan Formation. Alameda Island is underlain by 400 to 500 feet of

unconsolidated sediments overlying consolidated Franciscan bedrock (Rogers and Figures 199I).

The description of regional, east bay margin, and installation geology in this chapter is based on the work

of Trask and Rolston (1951); Radbruch (1957); Atwater and others (1977 and 1979); Helley and others

(1979); Rogers and Figures (1991); and Sloan (1990 and 1992). The work of these investigators was

regional in nature and was based on a limited number of borings in and around Alameda Point. The

installation geology presented in this report is based on interpretation of over 280 monitoring well and

piezometer borings, over 340 geotechnical borings, and several hundred cone penetrometer test (CPT)

lithologic soundings at Alameda Point. The Quaternary sediments described in this report consist of five

units: from top to bottom, the Bay Mud Formation, the Merritt Sand Formation, the upper unit of the San

Antonio Formation, the lower unit of the San Antonio Formation (Yerba Buena Mud), and the Alameda

Formation. The nomenclature and interpretation of stratigraphic units presented in this report reflect both

data collected during this OU-3 RI and the work of previous investigators. Figure 2-2 depicts a

stratigraphic column and correlates the units described in this report with those identified by previous

investigators. The correlation of the stratigraphic units described in this report with those identified by

other investigators is discussed below.

The unconsolidated units and the approximate ages of these units are listed below from oldest to youngest

(Atwater and others 1977). The equivalent nomenclature used by previous investigators for these units is

also listed (Trask and Rolston 1951; Radbruch 1957; Treasher 1963; and Rogers and Figures 1991).

• Pliocene to late Pleistocene terrestrial and estuarine deposits: the equivalent unit is the
Alameda Formation.

• Late Pleistocene estuarine deposits: the equivalent unit is the lower unit of the San
Antonio Formation (including the Yerba Buena Mud).

2-2



• Late Pleistocene/Holocene alluvial deposits: the equivalent unit is the upper unit of the
San Antonio Formation (including the Posey Formation).

• Late Pleistocene/Holocene eolian deposits: the equivalent unit is the Merritt Sand.

• Holocene estuarine deposits: the equivalent unit is the Young Bay Mud.

The San Antonio Formation is made up of both estuarine (lower unit) and alluvial (upper unit) deposits.

The Yerba Buena Mud is the uppermost member of the lower San Antonio Formation estuarine deposits.

The terminology "lower unit of the San Antonio Formation" has been adopted in this report to refer to the

Yerba Buena Mud. The terminology "upper unit of the San Antonio Formation" has been adopted to

refer to the alluvial deposits of the Posey Formation as well as the uppermost alluvial deposits of the San

Antonio Formation. The terminology "Bay Mud" has been adopted to refer to the Holocene estuarine

unit previously identified as the Young Bay Mud.

The following lithologic units are of primary concern for the OU-3 RI:

• Late Pleistocene estuarine deposits (the lower unit of the San Antonio Formation,
including the Yerba Buena Mud)

• Late Pleistocene/Holocene alluvial deposits (the upper unit of the San Antonio Formation
including the Posey Formation)

• Late Pleistocene/Holocene eolian deposits (the Merritt Sand)

• Holocene estuarine deposits (the Bay Mud)

• Artificial fill

The Bay Mud unit at Alameda Point is overlain by artificial fill. The lithologic units of primary concern

are briefly discussed below.

Late Pleistocene Estuarine Deposits. Estuarine deposits of late Pleistocene age overlie undivided

Pliocene/Pleistocene deposits (the Alameda Formation). These estuarine deposits include the Yerba

Buena Mud (lower unit of the San Antonio Formation) (Figun_2-2). The Yerba Buena Mud deposits

were emplaced duringan interglacial period and represent the "Old Bay Mud," a homogeneous,

widespread stratigraphic marker of the erosional surface of the Alameda Formation developed during

glacial epochs. The Yerba Buena Mud was deposited in salinebay water during the Sangamon period

when sea levels were about 20 feet higher than at present (Sloan 1990 and 1992). The unit is believed to
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be regional, underlying San Francisco Bay and bay margins, including Alameda Point (Rogers and

Figures 1991). The Yerba Buena Mud has been found to extend up to 2 miles inland, underlying

downtown Oakland and pinching out near the Hayward Bay Area Rapid Transit (BART) station (Sloan

and Aubry 1991). The Yerba Buena Mud in the vicinity of Alameda Point consists of a dark greenish-

gray silty clay. The unit ranges in thickness from 0 feet in Hayward to 125 feet at Yerba Buena Island;

the unit is 55 to 90 feet thick at Alameda Point (Atwater and others 1977; Rogers and Figures 1991).

Late Pleistocene/Holocene Alluvial and Eolian Deposits. Alluvial deposits (the upper unit of the San

Antonio Formation and the Posey Formation, where present) and eolian deposits (the Merritt Sand) of the

late Pleistocene to Holocene age unconformably overlie the late Pleistocene estuarine deposits (the Yerba

Buena Mud) (Atwater and others 1977;Rogers and Figures 1991). The oldest portions of the continental

alluvial deposits are approximately equivalent to the uppermost unit of the San Antonio Formation and

the younger Posey Formation (where present) identified by Trask and Rolston (1951). The younger

portions of the alluvial deposits were emplaced east of the Alameda area and are not discussed further in

this report. Subsequent to the emplacement of the late Pleistocene estuarine deposits (the Yerba Buena

Mud), the continental alluvial sediments of the upper unit of tlheSan Antonio Formation were deposited

in environments ranging from alluvial fans and flood plains to lakes and beaches. Broad channels were

formed within the surface of the upper unit of the San Antonio Formation (Trask and Rolston 1951). The

younger Posey Formation, a sandy clay, filled the bottom of the broad channels (Louderback 1939). The

Posey Formation cannot be differentiated from the eolian deposits of the Merritt Sand at Alameda Point.

At Alameda Point, the upper unit of the San Antonio Formation consists of medium-grained sand

containing varying amounts of silt and clay, suggesting deposition in a deltaic environment. The

thickness of the upper unit of the San Antonio Formation is 10to 40 feet in the eastern portion of

Alameda Point and 7 to at least 72 feet in the central portion.

The eolian deposits are approximately equivalent to the Merritt Sand identified by Trask and Rolston

(1951). The Merritt Sand formed as sand dunes when the sea level in the bay was much lower than at

present (Atwater and others 1977). The thickness of the Merritt Sand is 8.5 to 56 feet in the southeastern

region of Alameda Point, 19 to 60 feet in the central region, and 9.5 to 48 feet in the western region. The

eolian Merritt Sand deposits are present at a depth of approximately 45 feet below ground surface (bgs) in

the western and central regions of Alameda Point and at approximately ground level in the southeastern

region. The Merritt Sand in the vicinity of Alameda Point consists of fine-grained sand to silty sand.

Bivalve shells and shell hash are observed in parts of the Merritt Sand, indicating some marine reworking

during the most recent sea level rise.
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During late Wisconsin time, the Merritt Sand and the upper unit of the San Antonio Formation were

eroded by rejuvenated stream systems associated with the retreat of Wisconsin glaciers. One of the

streams cut an east-west trending paleochannel, previously identified by Radbruch (1957), into and

removed a narrow band of Merritt Sand and alluvial deposits associated with the upper unit of the San

Antonio Formation from the western and central regions of Alameda Point. A paleochannel is a stream

channel that has eroded through preexisting sediments and has been backfilled with sediments of a

different type and age. Because of the former paleochannel, part of the Merritt Sand and the upper unit of

the San Antonio Formation are not present at the location of the paleochannel.

Holocene Estuarine Deposits. The Holocene Bay Mud is the youngest naturally occurring unit in the

vicinity of Alameda Point. This description of the Holocene Bay Mud at Alameda Point is based on a

review of boring logs developed during environmental investigations at Alameda Point. Although it is

commonly referred to as "Bay Mud," the unit contains numerous discontinuous sand layers. In some

parts of the western region of Alameda Point, the lower portion of the Holocene Bay Mud is composed

predominantly of sand. The unit consists of sediments deposited in an estuarine environment, and it is

still being deposited in present-day San Francisco Bay. Bivalves are present in some portions of the unit.

In the eastern region of Alameda Point, the uppermost portions of the unit contain abundant plant

remains. This area was mapped as tidal flats in an 1856 U.S. Coast and Geodetic Survey as noted in

Figure 2-1 (Radbruch 1957). The tidal flat deposits are believed to grade into subtidal deposits to the

west, and both are considered to be Holocene Bay Mud in this report. The Holocene Bay Mud ranges in

thickness from approximately 40 feet in the western region of Alameda Point to 0 feet in the extreme

southeastern region. The unit thickens to the west and is up to 100 feet thick in some portions of San

Francisco Bay (Trask and Rolston 1951). The Holocene Bay Mud is encountered approximately 25 feet

bgs in the western region of Alameda Point and approximately 5 feet bgs in the eastern region. The depth

to the top of the Holocene Bay Mud reflects the historical water levels of the bay before artificial fill

operations began.

Artificial Fill. The Holocene Bay Mud is overlain by artificial fill ranging in thickness from 0 to 30 feet

over most of Alameda Point. This description of the artificial fill at Alameda Point is based on a review

of boring logs developed during environmental investigations at Alameda Point. The artificial fill is

present over most of Alameda Point except in the easternmost portion, where the fill is the thinnest. The

artificial fill reaches its greatest thickness in the western region and generally decreases in thickness in the

eastern region of Alameda Point. The varying thickness of the artificial fill is a result of natural variation

in the depth of the estuary before filling activities, which began in the late 1800s. The artificial fill is
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therefore thinnest in the 1856 tidal flat area and thickens to the west. The artificial fill consists of dredge

spoils from the surrounding San Francisco Bay and the Oakland Inner Harbor. The composition of the

artificial fill varies, but it is generally silty sand, sand with minor inclusions of clay or gravel, or both.

The artificial fill is similar in texture to the late Pleistocene/Holocene eolian deposits (the Merritt Sand),

which in most cases served as a source for the artificial fill where it underlies the surrounding San

Francisco Bay.

Historical aerial photographs show that artificial fill appears to have been placed in linear rows running

east to west with the intervening swales filled with water. This filling procedure may have produced a

systematic variation in the grain size of the artificial fill, with fine-grained material being deposited closer

to the water-filled swales and coarser-grained material being deposited closer to the point at which the

hydraulic artificial fill pipe discharged. This potential variation in grain size, if present, could affect

shallow groundwater flow in the first water-bearing zone (FWBZ) by creating preferential groundwater

flow paths within the coarser-grained material. A more detailed description of the filling operations at

Alameda Point is presented in the "History of NAS Alameda and Alameda Point" (IT 1998).

2.2.2 East Bay Margin Geology

The sedimentary deposits represented along the East Bay Margin include the Young Bay Mud, the

Temescal Formation, the Merritt Sand Formation, the Posey Formation, the San Antonio Formation

(including the Yerba Buena Mud), and the Alameda Formation (Figures 2-2 through 2-4). The Young

Bay Mud crops out along the East Bay Margin. The Temescal Formation crops out onshore on the East

Bay Plain. The Merritt Sand and the upper unit of the San Antonio Formation crop out along the East

Bay Margin. The Yerba Buena Mud, the lower unit of the San Antonio formation, pinches out under

downtown Oakland, which appears to correlate with the maximum height of interglacial sea levels.

Outcrops of the Posey and Alameda Formations are not present along the East Bay Margin or onshore.

The formations are often separated by erosional unconformities.

The erosional unconformities have influenced the thickness of the younger formations encountered in the

upper 100 feet of the subsurface. Local thickening of the Merritt Sand and the Posey Formation has

occurred in valleys previously cut in the underlying formations. The nonmarine Temescal Formation

appears to be contemporary with the Merritt Sand. Near Lake Merritt and in the adjoining low hills of the

East Bay Plain, the Merritt Sand grades laterally into (or interfingers with) the Temescal Formation. The
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lithology is complex and heterogeneous along the inland estuaries as the Merritt Sand interfingers with

the Young Bay Mud.

The top of the Merritt Sand crops out approximately 30 feet above sea level on Alameda Island and south

and southwest of Lake Merritt in Oakland. Onshore, the Merritt Sand is partially overlain by surficial

terrestrial clays, silts, and sands and by artificial fill, asphalt, and cement. Perched water tables have been

observed within granular materials above the Merritt Sand.

The underlying Posey Formation is usually separated from the Merritt Sand Formation by discontinuous

sandy clay lenses. However, no distinct clay layers or lenses separating the two formations are present

around Lake Merritt, in the Oakland Inner Harbor, in the Alameda Point pier areas, or in the Oakland

Middle Harbor. It is often difficult to distinguish between the two sand-rich formations in individual

borehole logs.

No direct evidence of depositional interconnection between the sands of the Merritt Sand and the

Alameda Formation has been identified, as they are separated by both units of the San Antonio

Formation. The low-permeability Yerba Buena Mud is between 15and 44 feet thick along the Oakland

bayshore (Rogers and Figures 1991).

2.2.3 Installation Geology

Based on geologic and hydrogeologic similarities, Alameda Point has been divided into western, central,

and southeastern regions (Figure 2-5). The relatively large dimensions of the installation also necessitate

separation of otherwise physically similar sites into the western and central regions to preserve a graphic

scale for data presentation.

The installation geology presented in this report consists of the upper four Quaternaryunits identified in

Section 2.2.1, and a surficial layer of artificial fill material. The Alameda Formation was not a focus of

the OU-3 RI because the lower unit of the San Antonio Formation (the Yerba Buena Mud) is believed to

be an effective and locally continuous hydraulic barrier. The basis for this observation is discussed

below. Also, because the Bay Mud Formation at the installation consists of silt and clay with laterally

discontinuous layers of silty and clayey sands, the formation is referred to as the Bay Sediments in the

rest of this report.
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The general installation geology is described below. Figures 2-6 through 2-8 present conceptual geologic

cross sections for each region of the installation to provide a point of reference for the following text.

Detailed geologic cross sections for the western, central, and southeastern regions of the installation are

provided in Appendix A. Site-specific geologic descriptions and cross sections for the OU-3 sites are

presented in Chapter 6.

The differentiation of stratigraphic units presented in both the conceptual and detailed geologic cross

sections is based on observed changes in lithology, the color of the lithologic matrix, grain features

(frosting, angular, subangular, rounded), the presence of debris, oxidized root channels and iron oxide

staining, the presence of key shell marker beds, buried vegetative surfaces, roots, stems, leaves, old soil

surfaces, peat layers, shell hash, the degree of consolidation, changes in CPT tip resistance and blow

counts, and in the case of the historical surface of the Bay Sediments, actual soundings of the bay floor

conducted prior to placement of dredge material on shallow tidal fiats. Appendix A provides detailed

geologic cross sections, a detailed description of the criteria used to distinguish between the stratigraphic

units, and a table for each cross section describing the key features used to distinguish one stratigraphic

unit from another.

Artificial fill is present throughout most of the installation and overlies all other late Quaternary

sediments. The artificial fill material is composed of various :soiland sediment types. The dominant fill

type is poorly graded, fine- to medium-grained sand with silt and clay. The artificial fill's thickness

ranges from a few feet in the eastern portion of the installation to 20 feet in the western edge of the

installation. The artificial fill material is believed to be dredge spoils from the surrounding San Francisco

Bay, the Seaplane Lagoon, and the Oakland Inner Harbor. Fill dredged from offshore deposits of Merritt

Sand also contains shell hash from rework of beach sands. The artificial fill has been observed to contain

layers of less permeable material that may induce contaminants to migrate horizontally. However, no

laterally continuous layers are present that would preclude vertical contaminant migration to the top of the

Bay Sediments.

The Bay Sediments (Bay Mud) consist of silt and gray to black clay with laterally discontinuous, poorly

graded, silty and clayey sand layers. A layer with high organic content, which coincides with the surface

of buried tidal fiats, typically marks the top of the unit throughout most of the installation. However, in

the eastern portion of the central region (near IR Site 7), a vegetative debris or peat layer, which coincides

with the surface of a buried tidal marshland, is often found at the top of the unit. The high organic

content layer that coincides with the buried tidal fiats is a depositional layer of highly decayed organic
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matter incorporated in the mineral soil. The sources of the organic matter were typically from plant

detritus (for example, decayed stems and leaf skeletons or humus) and algae. This layer is analogous to a

detritus layer on the bottom of a pond or lake where the most recently deposited material (for example,

leaves) is found at the top of a sediment core, decayed leaf skeletons are found in the middle of a

sediment core, and humus incorporated into mineral soil is found at the bottom of a sediment core.

In general, the high organic content layer does not include refined petroleum hydrocarbons. A database

query was run for soil samples that coincide with the high organic content layer at the top of the Bay

Sediments. The purpose of the query was to establish the presence, quantify the frequency of occurrence,

and determine the concentration range of naturally occurring and refined petroleum products within the

high organic content layer. The soil boring log description for each sampling interval was also checked to

identify the presence of petroleum staining or odor, plant debris, peat, or a layer of high organic content.

The query results indicated the presence of both naturally occurring and refined petroleum products in the

western, central, and southeastern regions of the installation as well as the location of the former tidal

marshlands (Appendix B, Table B-4.1). A comparison of soil boring log descriptions (Appendix B, Table

B-4.2) with individual chemical concentrations (Appendix B, Table B-4.3) indicated that moderate to

high chemical concentrations were associated with a release from IR sites or a former oil refinery located

in the southeastern region of Alameda Point. It is unclear whether low to moderate semivolatile organic

compound (SVOC) and total petroleum hydrocarbon (TPH) concentrations are associated with a

petroleum-based release or with natural degradation of plant material. A comparison of the SVOCs

detected in soil samples from the high organic content layer and the characteristic SVOCs and SVOC

ratios in fuels and motor oil could be conducted. However, the results might be difficult to interpret since

degradation of light-end petroleum compounds and low molecular weight SVOCs may not fully explain

the distribution of the SVOCs at Alameda Point. If the presence of SVOCs in the deep soil at the

interface of the artificial fill and Bay Sediments requires a future risk management decision, it may be

more beneficial to examine the chemical distribution at and surrounding a known point source and the

change in SVOC type and SVOC ratio with distance from the known point source.

The thickness of the Bay Sediments generally ranges from 10 to 110 feet throughout the installation.

However, the Bay Sediments are thin or absent in the southeastern region of the installation. The Bay

Sediments were likely deposited in an estuarine environment during the Holocene epoch. The Bay

Sediments are laterally continuous in the western and central regions of the installation, and behave as a

local semiconfining layer. This observation is supported by (][)the lack of drawdown in the underlying
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Merritt Sand (second water-bearing zone [SWBZ]) when pumping tests were performed in the artificial

fill (FWBZ); (2) the lack of migration of saline water from the SWBZ into the fresh to brackish water of

the FWBZ; and (3) the lack of migration of solvents from the base of the artificial fill into the Bay

Sediments or of a breakthrough to the underlying Merritt Sand at IR Site 1 and IR Site 5 located in the

western and central regions of Alameda Point.

Over most of the installation, the Merritt Sand underlies the Bay Sediments. The Merritt Sand outcrops

or underlies a thin artificial fill layer in the southeastern region. The Merritt Sand is composed of brown,

fine- to medium-grained, poorly graded sand. The formation is up to 60 feet thick and is thickest in the

southern and southeastern portions of the installation. The Merritt Sand is believed to be eolian in origin

and was deposited during the late Pleistocene and Holocene epochs (Sloan 1992). The Merritt Sand is

laterally continuous throughout the installation except where it is bisected by a major paleochannel. The

Merritt Sand does not pose a barrier to groundwater flow or contaminant migration. As discussed in

Section 2.2.1, the Merritt Sand is absent at a major paleochannel that crosses the central and western

regions of the installation from the northeast to west. Channel erosion appears to be the reason for the

missing Merritt Sand unit. The trend of the paleochannel is shown on Figure 2-9. The paleochannel was

filled with low-permeability silts and clays with discontinuous layers of poorly graded sands associated

with the Bay Sediments. The poorly graded sands become more continuous and thicker in the western

region of the installation. The northeast-to-west-trending paleochannel is believed to be a barrier to

groundwater flow and potential contaminant migration within the SWBZ between the northern and

southern portions of the central region of the installation. The paleochannel does not appear to influence

groundwater flow or contaminant migration within the FWBZ.

The upper unit of the San Antonio Formation generally underlies the Merritt Sand and consists of

interbedded layers of sand and clay with a thickness of up to 7'0feet. A persistent layer containing shells

and sand is present near the top of the formation. The upper unit of the San Antonio Formation is present

over most of the installation but is absent where the paleochannel crosses the central and western regions

of the installation. The upper unit of the San Antonio Formation appears to have been deposited in both

alluvial and deltaic environments during the late Pleistocene to Holocene epochs. Greenish-gray clay

layers within the upper unit of the San Antonio Formation do not appear to be regionally continuous;

however, hydraulic data suggest that locally confining layers may be present. Therefore, the upper unit of

the San Antonio Formation may not be a regionally significant barrier to potential contaminant migration.

A layer containing organic material (plant debris or peat) is present at the base of the formation.
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The lower unit of the San Antonio Formation is the Yerba Buena Mud (Old Bay Mud), which consists of

firm, gray silty clay and clay. This layer of clay deposits was encountered consistently throughout the

installation during drilling activities conducted as part of environmental investigations. The Yerba Buena

Mud is believed to have formed in a low-energy estuarine environment during the late Pleistocene epoch

(Sloan 1992). The total thickness of the Yerba Buena Mud at Alameda Point is reported to range from 55

to 90 feet. The Yerba Buena Mud is believed to be both locally and regionally continuous and a

significant barrier to potential contaminant migration. This observation is supported by numerous local

and regional boring logs showing an extensive, coherent stratigraphic unit; by the fact that the underlying

Alameda Formation yields fresh water while the overlying Merritt Sand and upper unit of the San

Antonio Formation yield saline to hypersaline water (Hickenbottom 1988);and by pumping tests

performed in the Alameda Formation during which no drawdown was observed in the overlying Merritt

Sand or upper unit of the San Antonio Formation (Hydro-Search, Inc. [HSI] 1977). Figure 2-10 presents

the extent of the Yerba Buena Mud in the vicinity of Alameda Point; a more regionally extensive view of

the Yerba Buena Mud is provided by Rogers and Figures (1991). The paleochannel that crosses Alameda

Point has partially eroded into the Yerba Buena Mud but does not bisect the unit. The paleochannel was

backfilled with clays and silts of the Young Bay Mud.

2.3 INSTALLATION HYDROGEOLOGY

As described in Section 2.2.3, the installation has been divided into western, central, and southeastem

regions based on geologic and hydrogeologic similarities. In the western and central regions of the

installation, the five geologic units form four hydrogeologic units: from top to bottom, the FWBZ in the

artificial fill layer, the Bay Sediments, the SWBZ in the Merritt Sand and upper San Antonio Formation,

and the Yerba Buena Mud aquitard. In the southeastern region, only two hydrogeologic units have been

identified because of the discontinuous nature or absence of the semiconfining Bay Sediments: the

FWBZ in the Merritt Sand and the Yerba Buena Mud aquitard. The FWBZ in the western and central

regions is found in the artificial fill overlying the Bay Sediments and is connected to the FWBZ in the

southeastern region by a thin layer of artificial fill overlying the Bay Sediments. The Bay Sediments

pinches out along an approximately east-to-west-trending line under IR Site 3 along Atlantic Avenue

(Figure 2-11). The FWBZ in the southeastern region is found in both the thin layer of artificial fill and

the Merritt Sand. In the absence of a confining layer, the entire Merritt Sand in the southeastem region is

identified as the FWBZ. The SWBZ is not present in the southeastern region because of the absence of

the semiconfining Bay Sediments. Figure 2-11 provides a graphic correlation between the geologic and
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hydrogeologic units at the installation. Hydrogeology specific to the westem, central, and southeastern

regions is discussed below.

During past groundwater monitoring events, the groundwater piezometric surface measured in wells

screened in the upper and lower intervals of the FWBZ differed by up to 2 feet in some areas. This

difference was noted in all three regions of the installation. Because of this irregularity in the piezometric

surfaces and the absence of a discernible confining layer, the FWBZ has been formally divided into two

separate hydrogeologic intervals: the first water-bearing zone upper (FWBZU) and the first water-

bearing zone lower (FWBZL). The difference in piezometric head between the upper and lower intervals

of the FWBZ suggests the presence of a vertical gradient between the two intervals. A vertical gradient is

determined by taking the difference in piezometric head between two hydrostratigraphic units and

dividing the result by the thickness of the intervening unit. The orientation of the vertical gradient (up or

down) varies throughout the year and is primarily influenced hy precipitation and evapotranspiration. In

the western and central regions, most of the FWBZ is in the artificial fill layer; however, the FWBZL may

extend into the Bay Sediments where a silty or clayey sand layer is present. In the southeastern region,

the FWBZU is composed of artificial fill and the poorly graded upper Merritt Sand, while the FWBZL is

composed of the well-graded lower Merritt Sand and the upper San Antonio Formation.

The SWBZ has also been divided into two separate hydrogeologic intervals: the second water-bearing

zone upper (SWBZU) and the second water-bearing zone lower (SWBZL). The difference in piezometric

head between the upper and lower intervals of the SWBZ suggests the presence of an upward vertical

gradient from the upper unit of the San Antonio Formation to the Merritt Sand. The majority of the

SWBZU is in the Merritt Sand, while the SWBZL extends into the interbedded silty and clayey sands of

the upper San Antonio Formation.

Use of the phrase "hydrogeologic intervals" does not mean that a barrier to flow is present. The phrase

simply reflects the fact that the potentiometric heads of the "interval" are different. This difference in

potentiometric head may be related to a local restriction of flow involving compression of sediments or

alternating grading sequences of sediments during deposition. Therefore, the division of the FWBZ and

SWBZ into upper and lower intervals is relevant only to the discussion of groundwater hydraulics. The

discussion of chemical data in Chapter 6 assumes that sufficient communication (flow) exists between the

upper and lower intervals for contaminant migration to occur and there is no confining layer, although the

magnitude and direction of flow may change on a seasonal basis.
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2.3.1 Western and Central Region Hydrogeology

Fourhydrogeologic unitshave been identifiedin the western andcentral regions (Figure 2-11). Figure 2-

12 presentsa conceptualhydrogeologic model for the western andcentralregions of the installation. The

FWBZ is an unconfined(watertable) aquifercomposedof artificialfill material. At locations in the

centralregion,the upperportionof thebay sedimentunit(BSU) containssilty andclayey sandlayers.

Therefore,the FWBZL may extendintothe sandlayersof the upper BSU (Figure2-11). The FWBZ is

foundat approximately6 feetbgs. The saturatedthicknessof the FWBZ rangesfromless than 10 feet in

the centralregionto over30 feet in the western region.

The BSU underlies the FWBZ and is generally composed of silt and clay. In the western region, the

upper portion of the BSU consists entirely of silt and clay. The distinction between the FWBZ and the

BSU is clear in this region. The BSU appears to be less distinct in the central region, where the upper

portion of the BSU consists of interbedded silt and sand. In the northern portion of the central region, the

BSU is 20 to 100 feet thick and consists mainly of silt and clay.

The SWBZ in the western and central regions is confined and composed of the lower portion of the BSU,

the Merritt Sand (where present), and the upper unit of the San Antonio Formation. In the western region,

the Merritt Sand and the upper unit of the San Antonio Formation are not laterally continuous. However,

the lower portion of the BSU, which consists mainly of poorly graded sand, forms the SWBZ where the

Merritt Sand and the upper unit of the San Antonio Formation are absent. The SWBZ varies in thickness

from 0 to 50 feet as a result of erosion associated with the northeast-to-west trending paleochannel.

The SWBZ is underlain by the Yerba Buena Mud aquitard, which appears to be thick and continuous

throughout the entire installation. The Yerba Buena Mud aquitard is believed to be an effective hydraulic

barrier between the SWBZ and the underlying Alameda Formation (Figures 2-2 and 2-4). A discussion

supporting this statement is presented in Section 2.2.3. The Yerba Buena Mud aquitard is 55 to 90 feet

thick. There is no connection between the shallow aquifer systems on Alameda Island and the Oakland

mainland because of the Oakland Inner Harbor bisecting the Merritt Sand. The Merritt Sand on Alameda

Island is hydraulically isolated from mainland aquifers.
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2.3.2 Southeastern Region Hydrogeology

Two hydrogeologic unitshave been identifiedin the southeasternregionof the installation: the FWBZ

andthe YerbaBuenaMud aquitard.TheFWBZ is composedof artificialfill material,the MerrittSand,

andthe upperunitof the SanAntonioFormation. Because the BSU is absentin most of the southeastern

region, the FWBZ is unconfined(Figure2-11). Figure2-13 presentsa conceptualhydrogeologic model

forthe southeasternregionof the installation. The FWBZ is foundatapproximately6 feet bgs. The

FWBZ is up to 100 feet thickin the southeasternregion. TheYerba BuenaMudaquitardunderlyingthe

FWBZ is believed to be an effectivehydraulicbarrierbetween the FWBZandthe underlyingAlameda

Formation. A discussionsupportingthis statementis presentedin Section 2.2.3. The Yerba BuenaMud

aquitardis 55 to 80 feetthick. There is no connectionbetween the shallow aquifersystems on Alameda

Islandandthe Oaklandmainlandbecause the OaklandInnerHarborbisects the MerrittSand. The Merritt

Sandon AlamedaIslandis hydraulicallyisolatedfrommainlandaquifers.

2.3.3 Groundwater Hydraulics

Groundwater hydraulics for the western, central, and southeasternregions are discussed below.

2.3.3.1 Western and Central Region Hydraulics

The FWBZ in the western and central regions is an unconfined (water table) aquifer composed of

artificial fill. The depth to groundwater ranges from 2 to 8 feet bgs and averages 3 to 5 feet bgs. The

elevation of the water table in the FWBZ ranges from 3 to 12 feet mean lower low water (MLLW) and is

typically 6 to 9 feet MLLW. Figures 2-14a through 2-14c present graphic interpretations of the

potentiometric surface for the FWBZU and FWBZL in the western and central regions based on

groundwater elevations measured in April 1998.

Aquifer pumping tests andslug tests were performed in the FWBZ, BSU, and SWBZ. Table 2-1

summarizes the test results for each hydrostratigraphic unit in each region and identifies the method used

to determine each hydraulic parameter. A complete discussion of the results of the aquifer pumping test

program is presented in the "Technical Memorandum, Aquifer Test Data Analysis" (PRC 1996a).

Hydraulic conductivity in the FWBZ varies throughout the western and central regions. Aquifer testing

has yielded hydraulic conductivity values ranging from 5.4 x 10-3to 2.1 x 10-2centimeter per second

(cm/s) in the western region and 3.2 x 103 to 7.4 x 103 cm/s in the central region. Hydraulic conductivity
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is also believed to vary across the depth of the unconfined aquifer because of the stratification of the fill

material. Aquifer storage coefficients ranged from 0.0013 to 0.012, and the specific yield of the unit

ranged from 0.005 to 0.23.

Groundwater flow in the FWBZ is horizontal. The groundwater generally flows radially from the central

portions of each region toward San Francisco Bay, the Oakland Inner Harbor, and the Seaplane Lagoon.

Groundwater flow immediately adjacent to the north side of the Seaplane Lagoon is altered by a sheet pile

wall located along the north edge of the lagoon. The presence of the sheet pile wall has resulted in

mounding of groundwater north of the Seaplane Lagoon. Groundwater flow is impacted locally near

industrial buildings by preferential flow paths such as storm water drains and underground utility

conveyance structures. Shallow groundwater in the vicinity of IR Site 7 actually flows inland rather than

westward toward San Francisco Bay, in part because of a drainage ditch east of the site. This

phenomenon is limited to IR Site 7 because of to the presence of the drainage ditch. Water levels in the

vicinity of industrial buildings indicate localized regions of groundwater mounding or groundwater sinks.

Groundwater recharge to the FWBZ is attributed to vertical infiltration from precipitation; horticultural

irrigation; and leaking water supply; sewer and storm water pipe leakage. Tidal inundation of wetland

areas and storm water conveyance lines may also contribute recharge to the FWBZ.

The FWBZ is tidally influenced on the northern, western, and southern sides of Alameda Point. Tidal

influence studies indicate that the region of influence extends approximately 250 to 300 feet inland on the

northern and southern sides of Alameda Island and approximately 1,000 to 1,500 feet inland on the

western side. Diurnal tidal fluctuations measured in the FWBZ range from 0.1 to 4 feet (TtEMI 1997).

Vertical hydraulic communication between the FWBZ and SWBZ through the BSU is believed to be

minimal. This observation is supported by the following factors:

• Numerous boring logs showing an extensive, coherent clay member in the upper BSU

• Lack of observed drawdown in the underlying Merritt Sand (SWBZ) when pumping tests
were performed in the artificial fill (FWBZ)

• Lack of migration of saline water from the SWBZ into the fresh to brackish water of the
FWBZ

• Lack of migration of solvents from the base of the artificial fill into the Bay Sediments or
breakthrough to the underlying Merritt Sand at IR Sites 1 and 5
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Water level data collected from clustered wells generally show a difference of 1 to 2 feet in water levels

between the two water-bearing zones. Clustered wells consist of monitoring wells located in close

proximity to one another and screened in different water-bearing zones or intervals within a water-bearing

zone. Local vertical hydraulic gradients between the FWBZ and SWBZ determined at various locations

in the western and central regions ranged from 0.01 to 0.02 foot/foot (ft/ft). A vertical gradient is

determined by taking the difference in piezometric head between two hydrostratigraphic units and

dividing the result by the thickness of the intervening unit. The vertical gradient varied from upward to

downward on a seasonal basis, depending on the most recent precipitation event. The FWBZ responds to

precipitation events while the SWBZ does not because of the presence of the BSU. Local horizontal

gradients calculated at similar locations throughout the year ranged from 0.001 to 0.003 ft/ft in both the

FWBZ and SWBZ. A horizontal gradient is determined by taking the difference in piezometric head

between two wells screened in the same hydrostratigraphic unit and dividing the result by the horizontal

distance between the two wells. Hydraulic conductivity values for the silty clays of the BSU determined

using slug tests are typically on the order of 7.1E-05 feet per rninute (ft/min), while hydraulic

conductivity values for the FWBZ determined using aquifer tests are on the order of 6.3E-03 ft/min.

Darcy's Law implies that the horizontal component of flow (6.3E-06 ft/min [0.001 ft/ft multiplied by

6.3E-03 ft/min]) is generally an order of magnitude greater themthe vertical component (7.1E-07 ft/min

[0.01 ft/ft multiplied by 7.1E-05 ft/min]). Therefore, flow is generally dominated by the horizontal

component.

The SWBZ appears to be a confined or semiconfined aquifer and is composed of the silty sands within

the lower portion of the BSU, the Merritt Sand, and the upper unit of the San Antonio Formation. The

potentiometric elevation of the SWBZ ranges from 3 to 9 feet MLLW. Figure 2-14d presents a graphic

interpretation of the potentiometric surface for the upper interval of the SWBZ throughout Alameda Point

based on groundwater elevations measured in April 1998. A potentiometric map for the lower interval of

the SWBZ was not generated because of the limited number of wells available for collection of relevant

data.

Multiple slug tests performed in wells screened in the SWBZ of the western region indicate that the

hydraulic conductivity of the SWBZ ranges from 1.22E-03 to 3.7E-03 ft/min.

The Merritt Sand is underlain by the upper and lower units of the San Antonio Formation. The lower

unit, the Yerba Buena Mud, is believed to be both locally and regionally continuous and a significant

barrier to potential contaminant migration. This observation is supported by numerous local and regional
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boring logs showing an extensive, coherent stratigraphic unit; by the fact that the underlying Alameda

Formation yields fresh water while the overlying Merritt Sand and upper unit of the San Antonio

Formation yield saline to hypersaline water (Hickenbottom 1988);and by pumping tests performed in the

Alameda Formation during which no drawdown was observed in the overlying Merritt Sand or upper unit

of the San Antonio Formation (HSI 1977).

Recharge of the SWBZ is mainly by lateral flow (through the Merritt Sand) from upgradient areas on

Alameda Island. Another source of recharge may be the upper unit of the San Antonio Formation,

although the thickness and discontinuity of the water-bearing zones within the upper unit of the San

Antonio Formation would preclude a significant contribution. The sources of recharge for the Merritt

Sand are precipitation; irrigation; and water supply; sewer, and storm water pipe leakage. The SWBZ is

believed to discharge through lateral groundwater flow to San Francisco Bay, the Oakland Inner Harbor,

and the Seaplane Lagoon.

2.3.3.2 Southeastern Region Hydraulics

The shallow aquifer system in the southeastern region consists of only the unconfined FWBZ. The

FWBZ is up to 100 feet thick and is composed of a thin layer of artificial fill and the Merritt Sand. The
FWBZ in the southeastern region is a much more substantial hydrogeologic unit than the FWBZ in the

other regions of Alameda Point. The depth to groundwater in the southeastern region FWBZ is

approximately 2 to 8 feet bgs, similar to that in the FWBZ in tlheother regions of Alameda Point. The

FWBZ (Merritt Sand) in the southeastern region is hydraulically connected to the FWBZ (artificial fill

layer) in the central region by a thin layer of artificial fill on top of the old beach surface (Merritt Sand).

The FWBZ (artificial fill layer) in the central region and the FWBZ (Merritt Sand unit) in the

southeastern region are in fact the same hydrogeologic unit, although they are present at different depth

intervals. The elevation of the water table in the southeastern region FWBZ ranges from 3 to 12feet

MLLW and is typically 6 to 9 feet MLLW. Figures 2-14e and 2-14f present graphical interpretations of

the potentiometric surface for the upper and lower intervals, respectively, of the FWBZ in the

southeastern region based on groundwater elevations measured in Apri1 1998.

Aquifer pumping tests and slug tests were performed in the FWBZ, BSU, and SWBZ. Table 2-1

summarizes the test results for each hydrostratigraphic unit in each region and identifies the method used

to determine each hydraulic parameter. A complete discussion of the results of the aquifer pumping test

program is presented in the "Technical Memorandum, Aquifer Test Data Analysis" (PRC 1996a).
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Hydraulic conductivity in the FWBZ varies throughout the southeastern region. Aquifer testing has

yielded hydraulic conductivity values ranging from 1.87E-03 to 5.91E-03 ft/min. Hydraulic conductivity

is also believed to vary across the depth of the unconfined aquifer because of the stratification of the

sedimentary deposits. Aquifer storage coefficients ranged from 0.0004 to 0.0012, and the specific yield

of the water-bearing zone ranged from 0.035 to 0.22.

Groundwater in the FWBZ generally flows from the east or northeast inland areas to the west and

southwest toward the Seaplane Lagoon and San Francisco Bay, and in the western portion of Alameda

Point to the north toward the Oakland Inner Harbor and west toward San Francisco Bay. Groundwater

flow is impacted locally near industrial buildings by preferential flow paths such as storm water drains

and underground utility trenches. Water levels in the vicinity of industrial buildings indicate localized

regions of groundwater mounding or groundwater sinks. Groundwater recharge to the FWBZ is mainly

attributed to vertical infiltration from precipitation; horticultural irrigation; and leaking water supply; and

sewer, and storm water pipe leakage both at Alameda Point and upgradient of Alameda Island. Tidal

inundation of storm water conveyance lines may also contribute recharge to the FWBZ. The storm water

conveyance lines act as potential groundwater "sinks" during low tides when the gradient is toward these

lines.

The FWBZ is tidally influenced immediately adjacent to the Seaplane Lagoon and San Francisco Bay.

Tidal influence studies indicate that the region of influence extends approximately 1,300 feet inland on

the western side of the region, adjacent to the Seaplane Lagoon. Diurnal tidal fluctuations measured in

the FWBZ ranged from 0.25 to 1 foot (TtEMI 1997).

The Merritt Sand is underlain by the upper and lower units of the San Antonio Formation. The lower

unit, the Yerba Buena Mud, is believed to be both locally and regionally continuous and a significant

barrier to potential contaminant migration. This observation is supported by numerous local and regional

boring logs showing an extensive, coherent stratigraphic unit; by the fact that the underlying Alameda

Formation yields fresh water while the overlying Memtt Sand and upper unit of the San Antonio

formation yield saline to hypersaline water (Hickenbottom 1988); and by pumping tests performed in the

Alameda Formation during which no drawdown was observed in the overlying Merritt Sand or upper unit

of the San Antonio Formation (HSI 1977).
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2.3.4 Seawater Intrusion

As described in Sections 2.1 and2.2, AlamedaPointwas developed by placing hydraulicfill material

directlyinto SanFranciscoBay. Therefore,the waterin the poresof the FWBZ wasoriginally seawater.

Over time, freshwaterrechargehas dilutedthe brackishpore wateranddevelopedthe present freshwater

lens in the FWBZ. At the sametime, the processof seawater intrusionis occurring at those locations

where freshwaterrecharge is not occurring. Seawaterintrusionis a naturalconsequenceof climatic

variationsor of any phenomenathat affectthe waterbudget in a shallow coastalaquifersuch as the

MerrittSand. A saltwaterwedge typicalof coastalaquifershas formedin the FWBZaroundthe

perimeter of AlamedaPoint,especially in the MerrittSandof the southeasternregionof the installation.

The landwardextentof saltwaterintrusionin the FWBZUaroundthe perimeter of the installationis

approximately250 feet, while the landwardextentof saltwaterintrusioninthe FWBZLof the

southeasternregionof the installationis approximately1,500 feet.

Groundwater in the FWBZ at Alameda Point consists of a thin lens of fresh water (0 to 20 feet bgs) that

floats on brackish to saline water. The interface between the fresh water and the brackish to saline water

across the western and central regions of Alameda Point appears to be abrupt and coincides with the

contact between the artificial fill and Bay Sediments (approximately 20 feet bgs), where the BSU is

present. Below the contact between the artificial fill and BSU, groundwater is defined as brackish-to-

saline. Figures 2-15 and 2-16 show the approximate extent of fresh water in the FWBZ and SWBZ,

respectively, at Alameda Point based on a total dissolved solids (TDS) concentration below 3,000

milligrams per liter (mg/L). The value of 3,000 mg/L TDS (RWQCB 1995) is a point of departure for

differentiation of fresh and brackish to saline groundwater. The interface between fresh and brackish to

saline water is generally 30 to 40 feet bgs in the southeastern region; an exact depth cannot be provided

because the interface slopes from mean sea level to the base of the Merritt Sand inland on Alameda

Island. The lower unit of the San Antonio Formation (the Yerba Buena Mud) separates the shallow,

brackish to saline groundwater from deeper, regional fresh water aquifers across the East Bay region and

at Alameda Point.

2.3.5 Existing Uses of Groundwater

Nine state-registered wells are screened in the unconfined Merritt Sand unit east of Alameda Point. The

registered wells are located in the neighborhood south of Atlantic Avenue and west of Webster Street

(Appendix C, Figure C.5-2). Unregistered, private irrigation wells screened in the unconfined Merritt
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Sand and the Alameda Formation are also located in the residential community east of Alameda Point

(Appendix C, Figure C.5-2). All the neighborhood wells are hydraulically upgradient of Alameda Point.

Many of the unregistered wells screened in the Merritt Sand aquifer were installed by private land owners

to obtain water for lawn and horticultural irrigation during periods of drought. The irrigation wells are

known to be in current use for lawn irrigation within the community. The irrigation wells were installed

in accordance with historical well construction standards prior to the enactment of current Alameda

County well construction standards. Current Alameda County standards prohibit screening of municipal

or domestic water supply wells in the unconfined Merritt Sand unit.

Three wells are screened in the confined Alameda Formation. Two of the wells are in operation, and one

of the wells has been closed. Of the two operational wells, one is near the intersection of what is now Pan

Am Way and West Red Line Avenue on Alameda Point. The other operational well is near the

intersection of 5th Street and Pacific Avenue east of Alameda Point. The wells screened in the confined

Alameda Formation are used for irrigation purposes. Pumping test and geochemical data indicate that no
connection exists between the Merritt Sand and the Alameda Formation.

2.4 ECOLOGY

The following sectionssummarizethe ecology of the Bay Area andAlamedaPoint. They include a

descriptionof the eco-regions,soil types, habitatsanddominantspecies,andspecialstatus species found

in the Bay Area andatAlamedaPoint.

2.4.1 Regional Ecology

The Bay Area is situated in the California coastal chaparral forestand scrub province of the

Mediterranean division and includes the discontinuous coastal plains. The coastal province has a more

moderate climate than the interior and receives some moisture from fog in the summer. The coastal

plains are characterized by sagebrush and grassland communities. Exposed coastal areas support desert-

like shrub communities called coastal scrub; such communities are dominated by coyote bush, California

sagebrush, and bush lupine. Most of the coastal plains have been converted to urban use, which is evident

in the Bay Area. The area, however, continues to be a major resource and migration route for both

aquatic and terrestrial birds (Bailey 1995).
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2.4.2 Soil Types

The soil at Alameda Point is described by the U.S. Department of Agriculture (USDA) Natural Resource

Conservation Service (NRCS) as consisting of Xeropsamments, which is a very permeable sandy fill

material dredged from old beach areas (USDA 1981). Slow runoff is associated with this soil type, and

the potential for surface water erosion is low; however, the potential for wind erosion is high. OU-3 soils

consist of a mosaic of Xeropsamments, Xerorthents, and Urban Land. Xerorthents is a relatively

impermeable clayey fill material with large pieces of asphalt, concrete, sandstone, and fragments of glass

making up the soil profile. Slow runoff is associated with this soil type, and the potential for erosion is

low. Urban Land is characterized as mainly heterogeneous fill material found in areas covered by

buildings, roads, parking lots, and other urban structures. The soil in the wetlands of Alameda Point also

consists of Xeropsamments, which is a soil type that does not meet the indicator criteria for hydric soils

(U.S. Army Corps of Engineers [USACE] 1989). There may be inclusions within the Xeropsamments

that exhibit hydric soil conditions because of topography (depressions), but most soil at Alameda Point is

recent, unweathered, mineralized sand, with low clay content. In general, these characteristics do not

indicate hydric soil conditions.

_, 2.4.3 Habitat Types and Dominant Species

Alameda Point, includingcontiguous and noncontiguous properties such as constructed breakwaters,

contains nine terrestrial and aquatic wildlife habitats. Major habitat types currently present at Alameda

Point are described below and presented in Figure 2-17. Site reconnaissance visits to identify habitats

were conducted by PRC in 1995 and 1997. Literature searches and observations made during the site

reconnaissance visits were used to characterize the following major habitats at Alameda Point.

Open Water Areas. Alameda Point is bordered to the north, west, and south by San Francisco Bay

aquatic habitats. The primary aquatic areas include the Seaplane Lagoon and Oakland Inner Harbor as

well as other areas known as the Western Bayside to the west and the Breakwater Beach area to the south.

Phytoplankton (dominated by diatoms and dinoflagellates) and green and blue-green algae are the

dominant plants found in the open water habitat of San Francisco Bay. Red algae is the dominant plant in

the benthic zone and provides forage for herbivorous invertebrates and fish (Kozloff 1993). Zooplankton,

filter-feeding invertebrates, and fish consume the phytoplankton. Dominant zooplankton groups include

rotifers and crustaceans, such as cladocera (water fleas), copepods, and opossum shrimp. Dominant filter-

feeding invertebrates include mussels, clams, shrimp, scallops, barnacles, hydrozoa, and invertebrate
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larvae (Carefoot 1977). Dominant benthic herbivorous invertebrates include chitons, limpets, snails, and

abalones. Dominant filter-feeding fish species include anchovies, herring, and larval fishes. The

dominant small carnivorous fish include gobies, sculpins, and surfperches. The dominant large

carnivorous fish include striped bass, halibut, rock fish, and starry flounder (McConnaughey and

McConnaughey 1985). The open water areas also provide habitat for piscivorous birds and shorebirds

such as pelicans, herons, and terns and for carnivorous marine mammals such as sea lions and seals. The

larger fish and bird species, however, are migratory and have large home ranges.

Estuarine Intertidal Emergent Wetlands. There are two primary wetland habitats at Alameda Point:

the West Beach Landfill Wetland and the Runway Area Wetland. Dominant wetland vegetation includes

pickleweed, saltgrass, seaside trefoil, and brass buttons. Dominant animal species occurring in the

wetlands include American avocets, black-necked stilts, and Caspian terns.

Paved Runway Areas. The runway tarmac provides an important nesting habitat for the California least

tern. Otherwise, paved areas provide marginal habitat for most plant species and therefore provide

minimal cover and foraging habitat for most animal species.

Non-native Grassland. This habitat dominates the runway area and the western portion of Alameda

Point. Dominant plants include ryegrass, yellow sweet clover, and common plantain. Black-tailed

jackrabbits, Canada geese, and European starlings are the dominant animal species in this habitat.

Ruderal Upland Vegetation. This habitat is primarily associated with the upland zones surrounding the

wetlands. The upland habitats are dominated by thistles, Brassica sp. (mustard, turnip), coyote bush, and

plantain. The upland habitats surrounding the wetland areas are dominated by black-tailed jackrabbits,

red-winged blackbirds, California ground squirrels, and Canada geese.

Disturbed Areas. These habitats are characterized by degradation and human activity. The dominant

plant species are tolerant of habitat disturbances and include grasses. Feral rabbits are the dominant

animal species.

Beach. Small beach habitats occur in the vicinity of theSeaplane Lagoon and Breakwater Beach, and

they may provide some foraging habitat for shorebirds.
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Urban and Ornamental Landscapes. These maintained habitats dominate the industrial and residential

_, portions of Alameda Point. Dominant vegetation includes introduced grasses such as perennial ryegrass

and Kentucky bluegrass as well as ornamental trees such as flowering plum, olive, firs, and pines.

Dominant animal species include American robins, European starlings, house sparrows, mourning doves,

and feral cats.

Riprap. This habitat lines the shoreline of Alameda Point and forms the breakwater at the turning basin

south of Alameda Point. Dominant plant species include fig-marigold, rescue, and ryegrass. Pelicans and

double-crested cormorants use the breakwater areas for roosting. Western gulls use the breakwater and

the riprap near the wetland habitats for nesting as well. Feral cats have been observed in the riprap near

the wetland habitats.

2.4.4 Special Status Species

Special status species that occur or are expected to occur at Alameda Point areidentified in several

existing reports (U.S. Fish and Wildlife Service [USFWS] 1993)and are summarized below. The species

listed below are federal or state-designated threatened or endangered species. Some species do not have

legal status under federal or state endangered species acts but are identified by the state as "Species of

Special Concern."

Plants. USFWS has identified the rare plants listed below as potentially occurring at Alameda Point

(USFWS 1993).

• Contra Costa goldfields (Lasthenia conjugens)
• Santa Cruz tarplant (Holocarpha macradenia)
• Kellogg's horkelia (Horkelia cuneata sericea)
• Point Reyes bird's beak (Cordylanthus maritimus palustris)
• Adobe sanicle (Sanicula maritima)

Neither these plants nor other rare plants identified by the California Native Plant Society were found

during vegetation surveys performed in 1995 and 1997.

Fish. The four rare fish species listed below may occur in the open water areas adjacent to Alameda

Point.
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• Chinook salmon (Oncorhynchus tshawytscha), winter run
• Longfin smelt (Spirinchus thaleichthys)
• Delta smelt (Hypomesus transpacificus)
• Coho salmon (Oncorhynehus kisutch)

Reptiles. The Alameda whipsnake (Masticophis lateralis ewyxanthus) is the only special status reptile

species that may occur at Alameda Point.

Birds. Twenty-nine special status bird species that occur or may occur at Alameda Point are listed below

along with associated sensitive habitats (such as breeding, nesting, and rookery sites).

• California least tern (Sterna antillarum browni)
• American peregrine falcon (Falcoperegrinus anatum)
• Western snowy plower (Charadrius alexandrinus nivosus), coastal population
• Saltmarsh common yellowthroat (Geothlypis trichas sinuosa)
• Alameda song sparrow (Melospiza melodiapusillula)
• Double-crested cormorant (Phalacrocorax auritus), rookery sites
• California black rail (Laterallusjamaicensis coturniculus)

• Califomia clapper rail (Rallus longirostris obsoletus)
• Caspian tern (Sterna caspia), nesting colonie,;
• Forster's tern (Sternaforsteri), nesting colonies

• California brown pelican (Pelecanus occidentalis californicus), nesting colony
• California homed lark (Eremophila alpestris actia)
• Loggerhead shrike (Lanius ludovicianus)
• California gull (Larus californicus)
• Northem harrier (Circus cyaneus), nesting sites
• Merlin (Falco columbarius)
• Long-billed curlew (Numenius americuanus), breeding sites
• Burrowing owl (Athene cunicularia), burrowing sites
• Common loon (Gavia imer), breeding colony
• Fork-tailed storm petrel (Ocanodromafurcata), rookery sites
• American white pelican (Pelicanus erythrorhynchos), nesting colony
• Clark's grebe (Aechmophorus clarkii)
• Western grebe (Aechmophorus oceidentalis)
• Great blue heron (Ardeaherodias), rookery sites
• Great egret (Casmerodius albus), rookery sites
• Snowy egret (Egreta thula), rookery sites
• Black-crowned night heron (Nycticorax nycticorax), rookery sites
• Black-shouldered kite (Elanus caeruleus), nesting colony
• Common murre (Uria aalge), nesting colony
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Mammals. The seven special statusmammals have been identified as potentially occurring at Alameda

Point.

• Saltmarsh harvest mouse (Reithrodonomys raviventris)
• San Francisco dusky-footedwoodrat (Neotomafuscipes annectens)
• Townsend's western big-eared bat (Plecotus townsendii townsendii)
• California mastiffbat (Eumopsperotis californicus)
• Northern (Steller) sea lion (Eumetopiasjubatus)
• Saltmarsh wandering shrew (Sorex vagrens halicoetes)
• Alameda Island mole (Scapanus latimanus parvus)

In 1995, a survey for the saltmarsh harvest mouse was conducted in the West Beach Landfill Wetland and

in the Runway Area Wetland. The survey was performed to identify potential receptors for evaluation in

ecological risk assessments (ERA) being conducted by the Navy for the IRP. Mice were not captured

during the survey.

2.5 FUTURE LAND USES

This section outlines the future land uses for Alameda Point. The discussion is based on the "NAS

Alameda Community Reuse Plan"(EDAW 1996). The reuse plan identifies future land use categories and

land use areas, which are summarized in this section. Land use categories define the types of activities

that are anticipated to be carried out in specific geographical areas (defined as "land use area" in the

reuse plan) at Alameda Point. The land use areas are parts of Alameda Point identified for specific uses

as defined in Section 2.5.2. The future land uses were used to develop human health and ecological risk

scenarios for various IR sites at the installation.

2.5.1 Land Use Categories

The following descriptions apply to future land uses noted in the "NAS Alameda Community Reuse

Plan" (EDAW 1996). A total of 10 land use categories have been identified and are described below.

2.5.1.1 Residential

The residential category includes single-familyhomes and two-family attached dwelling units.
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2.5.1.2 Business Park/Light Industry

Thebusinesspark/lightindustrycategoryincludesoffices,researchanddevelopmentspace,and

manufacturingand distributionfacilities.

2.5.1.3 Office

The office category includes professional and administrative ,officesnot located in business districts or

business parks. This also includes local service offices such as medical, legal, and other professional

service offices, and small businesses.

2.5.1.4 Research and Development/Industrial Flex

The research and development/industrial flex category is similar to the business park/light industry

category. Emphasis is placed on office and research uses with related manufacturing, warehousing, and

distribution supporting the primary activities. The category is intended for offices and research and

development space locations, and supports manufacturing,warehousing, and distribution for the primary

activities.

2.5.1.5 Civic/Institutional

The Civic/Institutional category includes schools; higher educational uses; and City of Alameda facilities

that have a unique public character, such as places of worship, private educational institutions, museums,

and other cultural institutions.

2.5.1.6 Commercial

The commercial category includes (1) neighborhood commercial areas that meet convenience shopping

needs, have restaurants and cafes, and (2) community commercial areas that include retail stores,

department stores, hotels, motels, conference and convention :facilities,and offices.
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2.5.1.7 Mixed-Use

The mixed-use category involves development of two or more uses on a single site or within one

structure. Specific models of the mixed-use category include (1) residential and office uses above or

adjacent to retail and other commercial uses and (2) retail and service commercial uses intermingled with

research and development or light industry uses.

2.5.1.8 Parks

The Parks category includes neighborhood parks, community parks, community open space, greenways,

trails, regional parks, and other recreational facilities as defined in the "NAS Alameda Community Reuse

Plan" (EDAW 1996).

2.5.1.9 Open Space/Habitat

The Open Space/Habitat category includes wetlands, wildlife habitats, and water-related habitats.

Portions of the installation airfield area designated for use as a wildlife refuge (West Beach Wetland and

Runway Area Wetland) are also included in this category.

2.5.1.10 Commercial Recreation/Marina

The Commercial Recreation/Marinacategory includes marinas, water-related recreational uses, the

Seaplane Lagoon and breakwater areas, the shoreline, and docks on the Oakland Alameda Estuary.

2.5.2 Land Use Areas

The sections below describe future land use areas identified for Alameda Point. A detailed discussion of

each land use area is provided in the "NAS Alameda Community Reuse Plan" (EDAW 1996). Alameda

Point has been divided into seven geographical land use areas as shown in Figure 2-18. Each of the seven

land use areas at Alameda Point is expected to be associated with one or more of the 10 land use

categories described in Section 2.5.1.
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2.5.2.1 Civic Core

The Civic Core area served as the administrative and industrial core of Alameda Point and the Naval

Aviation Depot Alameda (NADEP). The Oakland Inner Harbor borders the northem edge of the area,

and the Seaplane Lagoon and Marina District are adjacent to its southern border. It is flanked by the

runway area on the west and the existing Navy housing areas (Main Street Neighborhoods) on the east.

The Civic Core area will continue to be the focal point of activity for the new neighborhoods created on

the former NAS Alameda site.

The 334-acre Civic Core area is envisioned as a mixed-use flex zone that will accommodate a wide range

of uses based on interim (near-term) reuse of existing facilities with redevelopment, changes, additions,

and demolition occurring over time. Reuse of the Civic Core will encompass reuse of existing structures,

including a self-contained campus area in the northem portion of the area, a research and development

and industrial workplace in the southern portion of the area, and a central north-south open space/civic

mall connecting the area.

2.5.2.2 Main Street Neighborhoods

The Main Street Neighborhoods area is located in the northeastern section of Alameda Point. Most of

this area is made up of the existing Navy housing areas along with portions of the Fleet and Industrial

Supply Center (FISC), Alameda Annex, and the East Gate area. The area is bordered by the Inner Harbor

area to the southwest, the West End Neighborhoods area to the south, the Central Core of Alameda Point

to the west, and the FISC Alameda Facility (North Waterfront) to the east and northeast.

The Main Street Neighborhoods will continue to be used for residential and related uses. Long-term

reuse of the area will include residential, civic and institutional, and park development categories.

2.5.2.3 Inner Harbor

The southeastern portion of Alameda Point, the Inner Harbor area, is bound on the east by Main Street

and the west-end neighborhoods of Alameda, to the west by the Marina District and Seaplane Lagoon, to

the north by an extension of the mixed-use East Gate area, and to the south by the Inner Harbor and San

Francisco Bay.
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Future development plans for this area include research and development/industrial, mixed-use, and park

development categories.

2.5.2.4 North Waterfront

The North Waterfront area largely corresponds with the boundary of FISCand the Alameda Annex. A

portion of the Alameda Annex located in the Navy housing area has been included in the Main Street

Neighborhoods area. The North Waterfront is bordered to the southwest by existing Navy housing (Main

Street Neighborhoods) and adjoins the Oakland Alameda Estuary. Mariner Square and the Webster

Posey Tubes are situated immediately to the east.

The major physical characteristics of the northern portion of the North Waterfront area are its shoreline

access, its proximity to the estuary, and its placement opposite Oakland's historicJack London Square.

The northern portion of the area is planned for mixed-use, office park/research and development, and

residential categories. Commercial and residential land uses are planned for the shoreline area.

2.5.2.5 Marina District

The Marina District consists of 126 acres on the southem portion of Alameda Point surrounding the

Seaplane Lagoon. The Marina District has approximately 1.5 miles of water frontage around the Seaplane

Lagoon and is bordered on the east by the Inner Harbor area, on the west by the Runway Wetland Area,

and on the north by the Civic Core.

The Seaplane Lagoon has unique environmental cleanup considerations. Pending studies regarding the

nature of the necessary cleanup and marinamarket studies, the Seaplane Lagoon is expected to be

redeveloped as a commercial marina. Future development activities for the Marina Districtinclude

commercial, residential, civic/institutional, and mixed-use categories.

2.5.2.6 Northwest Territories Area

The Northwest Territories area is located at the northwestern tip of Alameda Point and includes OU-3.

This area is bordered by the Oakland Alameda Estuary on the north, San Francisco Bay on the west, the

installation runway system on the south, and the Civic Core of the installation on the east.
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Redevelopment of the Northwest Territories area is planned to consist of the light industrial/research and

development and the park categories. '_d

2.5.2.7 Wildlife Refuge

Alameda Point's Wildlife Refuge area is a haven for a variety of waterfowl including sensitive species

and habitats such as the Califomia least tern and its nesting sites, the Caspian tern, and the California

brown pelican and their roosting areas. A major portion of the installation's historical airfield area will

remain open space to provide for preservation of wetlands and sensitive species. This area will be a

designated wildlife refuge under the management of USFWS..

2.6 BACKGROUND CHEMICAL CONCENTRATION DETERMINATION

Background concentrations of naturally occurring chemicals in the environmentat Alameda Point were

compared with analytical results for samples collected from IR sites. This was done to identify site

chemicals potentially resulting from historical site activities. The determination of background conditions

was an integral part of the baseline HHRA and ERA.

According to EPA (1989a), background chemicals at Alameda Point can be categorized as either of the

following:

• Nonanthropogenic or naturally occurring: minerals or other substances present in the
environment in forms that have not been influenced by human activities

• Anthropogenic: natural and manmade substances present in the environment as a result
of human activities not related to Navy site activities

Nonanthropogenic chemicals are naturally occurring organic or inorganic chemicals that are in soil or

groundwater as part of the geological or hydrogeological conditions of the area, and are in an unaltered

form not related to human activity (for example, metals from rock formations or polycyclic aromatic

hydrocarbons [PAH] from forest fires). Anthropogenic background (ambient) chemicals are related to

human activity in the region but are unrelated to Navy operations. Metals and PAHs at Alameda Point

may be considered anthropogenic background chemicals because of potential sources such as the fill

material, car exhaust, and the marshcrust.
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The history of Alameda Point's construction indicates that almost the entire installation is located on

marshland, tidal flats, and bay margin (submerged land) that has been filled with sediment dredged from

the Oakland Inner Harbor, San Francisco Bay, the ship channel, and the Seaplane Lagoon area. The

species and concentrations of metalspresent in the fill sediment are not known, but they may have been

impacted by industrial activities along the original Oakland Bayshore and Alameda Island before the

dredged material was emplaced.

The following subsections focus on the concentrations of chemicals in soils and groundwater considered

to represent background conditions at Alameda Point. The soil and groundwater background conditions

were determined using a series of statistical tests conducted on background data sets selected for each

medium at Alameda Point. The statistical evaluation methodology for soils is described in a background

determination work plan (PRC 1997a), while the methodology and results for groundwater are described

in "Technical Memorandum for Estimation of Ambient Metal Concentrations in Shallow Groundwater"

(TtEMI 1998a). Section 2.6.1 provides a summary of a detailed description of the determination of

background conditions in soils at Alameda Point provided in two letter reports in Appendix B. Section

2.6.2 provides a summary of a detailed description of the determination of background conditions in

groundwater at Alameda Point provided in the aforementioned technical memorandum (TtEMI 1998a).

2.6.1 Soil Background Determination Methodology

Background soil concentrations at Alameda Point were determined for inorganic chemicals and will be

determined for PAHs. Inorganic chemicals present in natural soil compositions are considered non-

anthropogenic. Concentrations of inorganic chemicals may also be affected by non-site-related

anthropogenic activities. Random detections of PAHs in samples collected from the fill material in many

areas of Alameda Point are considered to be anthropogenic for the following two reasons:

• RWQCB lists a total ambient level of PAHs in San Francisco Bay sediment of 5.13
milligram per kilogram (mg/kg) (RWQCB 1996). Since Alameda Point was constructed
using bay sediment, PAHs detected at or below this concentration are likely to represent
ambient bay levels.

• Due to the installation's urban location, soil at Alameda Point is expected to contain
ambient levels of PAHs.
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2.6.1.1 Inorganic Chemical Background Concentration Determination

The methodology used in developing the soil background data set for metals consisted of three steps that

are discussed briefly below. Appendix B provides greater detail on the background selection process.

The three steps are as follows:

• Division of the installation into areas with geologically similar soils that could be

represented by a single background data set

• Review of the RI database for selection of appropriate background samples

• Statistical analyses of data sets for each area to determine background concentrations

Division of the Installation into Geologically Similar Areas. Alameda Point was constructed using fill

material dredged from San Francisco Bay over a period of 75 years (1900 to 1975). Since the fill material

was dredged from various locations in the bay, there is substantial variation in the lithology of the fill

material across the installation. As discussed in Section 2.2, the thickness of the fill material varies across

the installation. Five discrete fill areas were initially identified for determining the variability in the fill

material encountered across the installation. The five areas were the far western portion of the installation

( the "IR Site 1/IR Site 2" area) and a small strip of land bordering the Oakland Inner Harbor; the runway

area; the area from east of the runway to the installation boundary; and two areas within the southeastern

corner of the installation. Iron and manganese data were statistically compared to determine whether

these areas contained geologically similar soils and could be represented by one background data set.

Results of the statistical comparison indicated that some areas could be combined, but that more than one

data set would be needed to represent background concentrations for the entire installation. Therefore,

the five initially identified areas were reduced to three representative background areas. Specifically, the

yellow, pink, and blue areas shown in Figure 2-19 were designated as representative background areas for

Alameda Point. The parts of the installation included in each of the three background areas are listed

below.

• Yellow area: Far western portion of the installation (Fill Area 3)

• Pink area: Runway area and central portion of the installation (Fill Area 1)
• Blue area: Southeastem portion of.the installation (Fill Area 2)

Review of the RI Database for Appropriate Soil Background Samples. Soil samples collected as part

of the IRP investigation were reviewed on a sample-by-sample basis to select samples that could

represent background concentrations. The data review was conducted in accordance with regulatory
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guidance (DTSC 1994). Selection of the background data set for each of the three background areas

_IV listed above consisted of the following steps:

• All samples collected from IR sites that could contain metal contamination based on site
history were excluded as background samples.

• Samples collected from soil borings that contained non-PAH organic chemicals, except
for insignificant levels of laboratory contaminants and organic carbon measurements,
were excluded as background samples.

• Samples collected from IR sites were excluded as background samples.

Samples that passed these screening steps were considered to be potential background samples. In the

three areas identified above, a total of 247 samples were selected from the RI database as potential

background samples. Appendix B provides a list of the sample identification numbers and depth intervals

for all the samples selected. A total of 51, 56, and 140 samples were identified as potential background

samples for the yellow, pink, and blue areas, respectively.

Determination of Soil Background Levels. Data sets established for the three background areas were

statistically evaluated using a methodology described in the background determination work plan (PRC

1997a). Tables 2-2a through 2-2c present statistical summary results that define the inorganic chemical

background data sets for the three background areas at Alameda Point. The background data sets were

used in identifying COCs for IR sites at Alameda Point. COC selection procedures and results are

presented in Chapter 5 of this report.

2.6.1.2 Ambient Polycyclic Aromatic Hydrocarbon Concentration Determination

The Navy has developed ambient PAH data sets for Alameda Point in fill soils to be used during

preparation of the RI/FS documents. Ambient PAH concentrations in fill soils at Alameda Point are

attributed to PAHs brought in with the fill material dredged from various locations in San Francisco Bay

and the Oakland Inner Harbor to construct Alameda Point. The fill material was emplaced prior to any

Navy activities that could have released PAHs to the environment. Therefore, ambient PAH

concentrations are not attributable to historical Navy activities at Alameda Point. The methodology used

to develop the Alameda Point ambient PAH data set and the results will be described in a technical

memorandum to be prepared following the completion of the determination.
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The following five PAHs were found to be the most significant risk contributing PAHs at Alameda Point

IR sites:

• Benzo(a)pyrene
• Benzo(a)anthracene
• Benzo(b)fluoranthene
• Dibenzo(a,h)anthracene
• Indeno(1,2,3-c,d)pyrene

The ambient PAH data set will be used to determine human health risks posed by ambient PAH

concentrations in soils at Alameda Point. Carcinogenichuman health risks and noncarcinogenic hazard

indices for the ambient PAH data set will be calculated using both Navy and DTSC risk assessment

assumptions. Chapter 5 includes a discussion of the differences between the Navy and DTSC risk

assessment assumptions.

2.6.2 Groundwater Background Determination Methodology

Metals occur naturally in groundwater at concentrations that vary among locations. Some concentrations

of metals in groundwater at Alameda Point may not be naturally occurring but are unrelated to Navy

activities at the installation.

During technical meetings between the Navy and regulatory agencies held on April 28 and 29, 1998, the

BCT decided to follow a statistical approach for determination of the concentrations of ambient metals in

groundwater similar to that used to determine the concentrations of ambient metals in soils at Alameda

Point (PRC 1997a). This simplified approach was followed because of the transitory nature of

groundwater and the following factors arising from the construction of Alameda Point:

• The presence of anthropogenic metals in fill sediment

• The slow leaching of both naturally occurring and anthropogenic metals from the marine
sediments into the groundwater

• The marine-derived fill sediment being placed in a column of sea water and serving as
the aquifer material

• The disequilibrium of groundwater chemistry because of the slow flushing of saline
connate water from the pore spaces and the large geochemical gradients that occur within
small horizontal and vertical distances
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• Existing and potential futureseawater intrusion induced by remediation- or supply-based

_, pumping

In consultation with the BCT, the Navy proposed estimating the concentration limits of ambient metals in

the following manner:

• Select well locations that appear to be unaffected by IR site-related contamination to
create an initial data set to be used to determine ambient concentrations of metals

• Compare all inorganic groundwater data in the initial data set to the 1996tap water
preliminary remediation goals (PRG) to exclude impacted wells

• Examine the initial data set using probability plots and Rosner's test to exclude outlier
concentrations of metals

• Test the remaining data (without outliers) for normality using a statistical graphics
program

• Prepare summary statistics and estimate the ambient concentrations of metals using the
tested data set

A subsequent meeting between the regulatory agencies and the Navy was held on May 11, 1998, to

identify monitoring wells at Alameda Point for potential use in developing background groundwater data.

Figures 2-20a through 2-20c show the locations of the 35 unaffected wells selected during the meeting in

each region of Alameda Point in relation to IR sites, contaminant plumes, and the direction of

groundwater flow.

The data set used to determine the concentrations of ambient metals in groundwater was limited to data

for groundwater samples collected from the FWBZ. Data for groundwater samples collected from the

SWBZ were not included in the data set because of extensive saltwater intrusion and the inherent inability

of analytical methods to detect trace metals in the presence of very high levels of marine salts. A detailed

description of the process used to develop the ambient metals data set and the statistical procedure used to

estimate the concentrations of ambient metals in groundwater at Alameda Point are provided in

Appendix B.

Table 2-3 summarizes the results of the statistical procedure, providing estimated ambient metal

concentrations at both the 80th percent lower confidence limit (LCL) of the 95th percentile of the

distribution (80 LCL/95) and at the 95th upper confidence limit (95 UCL) for shallow groundwater

(FWBZ) at Alameda Point, statistical features of the data set, and relevant water quality information. The

estimated concentrations of ambient metals in groundwater at the 80 LCL/95, in many cases exceeded
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maximum contaminant levels (MCL) for a municipal water supply (RWQCB 1995). Specifically, the

estimated concentrations of antimony, cadmium, iron, manganese, and thallium exceeded their respective

MCLs. The background data set was used in developing COCs for IR sites at Alameda Point. COC

selection procedures and results are presented in Chapter 5 of this report.
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TABLE 2-1

SUMMARY OF GROUNDWATER HYDRAULIC PARAMETERS
ALAMEDA POINT

Hydraulic
Hydrostratigraphic Unit Parameter East Bay Margin Western Region Central Region Southeastern Region

Hydraulic
Conductivity 9.8 x l03 ft/min 1.lxl0 2 to 4.1xl0 2 ft/min 6.3x103 to 1.5xl0"2ft/min 1.9xl0 3 to 5.9x10"3ft/min

Storage
First Water-Bearing Zone Coefficient NA 0.0013 to 0.012 0.005 to 0.01 0.0004 to 0.0012

(Artificial Fill/Merritt Sand) SpecificYield NA 0.005 to 0.23 0.046 to 0.23 0.035 to 0.22

(Values from aquifer pump (Values from aquifer pump (Values from aquifer pump (Values from aquifer pump
tests) tests) tests) tests)

Hydraulic
Confining Layer Conductivity NA 7.lx 10.5if/rain 9.65 x 10.6ft/min No confining layer present
(Bay Sediments) (Values from slug testing) (Values from slug testing)

No SWBZ present; FWBZ
Hydraulic 1.2x10.3to 3.7x10.3ft/min extends to the Yerba Buena

Second Water-Bearing Zone Conductivity 7.5xl 0"4ft/min (Values from slug testing) NA Mud
(Merritt Sand/Upper San Antonio Aquifer No drawdown observedin No drawdown observed in _Noconfining layer is present

Formation) PumpingTest response topumping in response to pumping in to preclude hydraulic
Observations NA FWBZ. FWBZ. communication.

Confining Layer Hydraulic
(Yerba Buena Mud) Conductivity 2.8x10 7 to 1.4x10"6ff/min NA NA NA

Hydraulic
Conductivity 2.1x10"2to 3.9x10_ ft/min 2.5x102 ft/min NA NA

Deep Aquifer System (Alameda No drawdown observed in No observation wells
Formation) Aquifer overlying formation, available for monitoring.

PumpingTest Pumping curves didnot
Observations indicate leakage fromother,

formations. NA NA

Notes:

ft/min - Feet per minute
FWBZ - First water-bearing zone
NA - Not available

SWBZ - Second water-bearing zone
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TABLE 2-2a

BACKGROUND DATA SUMMARY
YELLOW AREA

ALAMEDA POINT

(Page 1 of 2)

Minimum Maximum 80 LCL/95th

Inorganic Chemicals SQL Frequency of Detected Detected Mean 95 UCL Percentile
(mg/kg) Range Detectiona Concentration Concentration Concentration Concentration CV Concentration

Aluminumb NA 50/50 20 13,300 6,119 6,841 0.42 11,091

Antimonyc 2.5-7.3 3/50 2.8 3.6 3.0 3. l 0.21 4.2

Arsenicb 10-12 21/50 1.1 33 7.7 9.5 0.84 20.3

Bariuma 21-24 43/50 19.8 260 30.0 43.0 0.18 99.4

Berylliumb 1-1.2 9/50 0.3 1.3 0.57 0.63 0.33 0.95

Cadmiumb 0.36-1.2 11/50 0.33 2.9 0.66 0.80 0.75 1.6

Calciumd NA 50/50 500 97,000 3,411 5,256 0.08 12,995

Chromiume NA 50/50 5.0 69.7 32.0 34.4 0.10 48.5

Cobaltb 5-6 20/50 4.3 11.4 4.3 5.0 0.54 2.6

Copperb 5.5-5.6 48/50 4.2 49 15.7 19.1 0.77 39.3

Ironb NA 50/50 10 20,800 10,247 11,410 0.38 17,791

Leadd NA 50/50 3.3 180 20.7 41.2 0.29 1l8

Magnesiumd NA 50/50 500 8,820 2,540 3,192 0.06 6,231

Manganeseb NA 50/50 5.0 330 136.2 157.3 0.54 281
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TABLE 2-2a
BACKGROUND DATA SUMMARY

YELLOW AREA
ALAMEDA POINT

(Page 2 of 2)

Inorganic Chemicals Minimum Maximum 80 LCL/95th
(mg/kg) SQL Frequency of Detected Detected Mean 95 UCL Percentile
(Continued) Range Detection* Concentration Concentration Concentration Concentration CV Concentration

Mercuryb 0.05-0.11 5/9 0.05 0.18 0.08 0.12 0.72 0.15

Nickele NA 50/50 5.0 71.1 27.7 30.5 0.36 46.7

Potassiumb NA 50/50 500 1,700 914 996 0.32 1,479

Silvere 0.48-6 6/50 0.52 30 2.9 4.1 1.4 11.0

Sodiumb 500-610 11/50 232 1,380 358 432 0.73 867

Titaniumb NA 4 I/41 280 663 456 480.2 0.17 603

Vanadiumb NA 50/50 15.6 50.0 25.5 27.7 0.31 40.9

Zincb NA 50/50 17.0 140.0 46.9 55.8 0.67 108.6

Notes:

" Frequency of detection values expressed as number of samples in which chemical was detected/totalnumber of samples analyzed for chemical
b Data lognormally distributed
c Too few detections to determine distribution; CV and 80 LCL/95th percentile calculated fromarithmetic mean and standard deviation
d Data not normally or lognormally distributed; CV and 80 LCL/95th percentile calculated fornatural logarithm-transformed data

Data not normally or lognormally distributed; CV and 80 LCL/95th percentile calculated fromarithmetic mean and standard deviation
80 LCL/95th Percentile - 80th percent lower confidence limit of the 95th percentile of the distribution
95 UCL - 95 percent upper confidence limit of the mean concentration
CV - Coefficient of Variation

mg/kg - Milligrams per kilogram
NA - Not applicable
SQL - Sample quantitation limit

S:LM.AMEDA\CTO166_,!_RevisedDraflW..ITABLES\Table2-2a.doe

( ( (



TABLE 2-2b
BACKGROUND DATA SUMMARY

PINK AREA
ALAMEDA POINT

(Page 1 of 2)

Minimum Maximum 80 LCL/95th
Inorganic Chemicals SQL Frequency of Detected Detected Mean 95 UCL Percentile
(mg/kg) Range Detectiona Concentration Concentration Concentration Concentration Concentration

Aluminumb NA 55/55 1,760 22,600 5,231 6,528 12,930

Antimonyc 0.46-11.0 18/55 0.7 8.6 2.2 2.7 5.7

Arsenicb 0.59-10 45/55 0.44 15.6 1.8 3.1 8.7

Bariumb NA 55/55 6.9 156 36.0 47.4 103

Berylliumc 0.15-1.0 28/55 0.25 1.47 0.50 0.60 1.2

Cadmiumb 0.08-1.0 11/55 0.1 3.2 0.19 0.42 1.33

Calciumb NA 55/55 816 66,600 2,913 4,686 12,513

Chromiumc NA 55/55 15.6 66.7 30.4 33.1 50.0

Cobalt_ 3.96-5.7 48/55 3.0 49.7 6.1 7.9 19.3

Copperb 8.8-10.2 52/55 3. I 49. I 7.5 10.5 24.3

Ironb NA 55/55 4,500 27,900 9,365 11,230 20,394

Leadb 1.9-3.0 51/55 0.47 165 4.1 9.9 32.6

Magnesiumb NA 55/55 1,290 8,800 2,627 3,172 5,969

Manganeseb NA 55/55 55.5 748 126.1 167.6 363.1

Mercuryb 0.06-0.27 7/54 0.057 2.71 0.063 0.12 0.34
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TABLE 2-2b
BACKGROUND DATA SUMMARY

PINK AREA
ALAMEDA POINT

(Page 2 of 2)

Inorganic Chemicals Frequency Minimum Maximum 80 LCL/95th
(mg/kg) SQL of Detected Detected Mean 95 UCL Percentile
(Continued) Range Detection i Concentration Concentration Concentration Concentration Concentration

Nickelb NA 55/55 11.5 80.4 25.8 30.1 49.7

Potassiumb NA 55/55 209 2,480 683 819 1,523

Silverb 0.18-1.47 11/55 0.32 5.6 0.30 0.58 1.73

Sodiumb NA 55/55 62.6 1,580 335.9 503.4 1,251

Titanium€ NA 1/1 518 518 518 NA NA

Vanadium° NA 55/55 10.5 55.3 22.6 25.1 44.6

Zincb 18 54/55 10 191 22.6 29.2 61.5

Notes:

"Frequency of detection values expressed as number of samples inwhich chemical was detected/totalnumber of samples analyzed for chemical
b Data lognormallydistributed;80 LCL/95 percentile calculated for naturallogarithm-transformeddata
° Datanormally distributed
d Datanot normallyor lognormallydistributed;80 LCL/95percentilecalculatedfromarithmeticmeanandstandarddeviation
Too few detectionsto determinedistribution;80 LCL/95percentilecalculatedfrom arithmeticmean andstandarddeviation

80 LCL/95thPercentile - 80thpercentlowerconfidence limitof the 95th percentileof thedistribution
95 UCL - 95 percent upperconfidence limitof the mean concentration
NA - Not applicable
mg/kg - Milligramsperkilogram
SQL - Samplequantitationlimit
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TABLE 2-2c

BACKGROUND DATA SUMMARY
BLUE AREA

ALAMEDA POINT

(Page 1 of 2)

Minimum Maximum 80 LCL/95th

Inorganic Chemicals SQL Frequency of Detected Detected Mean 95 UCL Percentile
(mg/kg) Range Detections Concentration Concentration Concentration Concentration Concentration

Aluminumb NA 88/88 2,880 26,800 5,703 7,078 15,509

Antimony¢ 0.46-9.2 2/88 0.89 1.0 1.8 2.0 4.4

Arsenicb 0.61-13 33/88 0.74 23.0 2.2 4.8 19.2

Bariumd 24-25 85/88 0.30 198 48.6 55.5 114.9

Berylliumd 0.2-1.3 25/88 0.09 0.77 0.32 0.36 0.76

Cadmiumd 0.06-1.3 29/88 0.1 0.82 0.31 0.36 0.78

Calciumb NA 88/88 1,360 19,200 3,033 4,181 10,958

Cbsomiumd NA 88/88 ! ! .4 81.7 33.6 36.4 60. I

Cobaltd 3.9-6.8 66/89 1.9 14 5.0 5.6 10.6

Copperb 5.8-6.3 83/89 4.2 89.4 10.4 15.I 42.7

Irond NA 88/88 760 26,900 10,013 11,087 20,390

Leadb 1.4-6.8 27/88 1.3 41 3.2 5.2 16.1

Magnesiumb NA 88/88 1,510 42,400 2,557 3,159 6,858

Manganeseb NA 88/88 50 1,060 126 160 365

Nickelb NA 88/88 11.6 88.5 26.9 31.9 63.4
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TABLE 2-2c
BACKGROUND DATA SUMMARY

BLUE AREA
ALAMEDAPOINT

(Page 2 of 2)

Inorganic Chemicals Frequency Minimum Maximum 80 LCL/95th
(mg/kg) SQL of Detected Detected Mean 95 UCL Percentile
(Continued) Range Detection a Concentration Concentration Concentration Concentration Concentration

Inorganic Chemicals (mg/kg) (Continued)

Potassiumb 610 87/88 310 6,382 800 997 2,203

Seleniumc 0.42-13 1/88 5.7 5.7 2.9 3.3 7.1

Silverc 0.18-6.5 2/88 0.44 0.61 0.95 1.2 3.4

Sodiumb 288-650 68/88 88.1 3,510 299.8 473. I 1,473

Thallium_ 0.36-13 1/88 5.3 5.3 2.4 2.8 6.9

Titaniumd NA 66/66 223 1,020 408.4 444.3 706.7

Vanadiumd NA 88/88 i2.8 62.3 22.4 24.2 40.5

Zincb NA 88/88 14 84 26.2 31 61.0

Notes:

" Frequency of detection values expressed as number of samples in which chemical was detected/totalnumber of samples analyzed for chemical
bData lognormally distributed; 80 LCL/95 percentile calculated for natural logarithm-transformed data
c Too few detections to determine distribution; 80 LCL/95th percentile calculated from arithmetic mean and standard deviation
dData normally distributed.
• Data are not normally or lognormally distributed; 80 LCL/95th percentile calculated from arithmetic mean and standard deviation
80 LCL/95th Percentile - 80th percent lower confidence limitof the 95th percentile of the distribution
95 UCL - 95 percent upper confidence limit of the mean concentration
NA - Not applicable
mg/kg - Milligrams per kilogram
SQL - Sample quantitation limit
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TABLE2-3
AMBIENT CONCENTRATIONS OF METALS IN SHALLOW GROUNDWATER

ALAMEDA POINT

Reported Minimum Maximum

Detection Detected Detected Mean 95 UCL 80 LCL/95

Inorganic Limit Frequency Concentration Concentration Concentration Concentration Concentration MCL'

Chemical a (_tg/L) of Detection b (pg/L) (_tg/L) (pg/L) (_tg/L) (pg/L) (_g/L)
Aluminum 8.4-223 51/176 3 3970 32.12 96.2 439.13 1000

Antimony 2-37.5 12/176 2.5 47.8 5.83 11.8 45.77 6
Arsenic 1.9-100 94/179 2 40.7 4.54 8 28.39 50

Barium 4.3-55.4 144/176 2.3 1260 34.06 123.3 574.73 1000
Beryllium 0.1-3.7 18/176 0.94 3 0.49 1 3.83 4

Cadmium 0.2-8.0 16/176 0.32 6.5 0.53 1.3 5.38 5
Calcium 898-1370 176/180 620 513000 17865 78223 379269 NA
Hexavalent Chromium-n 100 1/3 4 4 34.7 100.6 NA NA

_hromium 0.6-32 23/176 0.74 82.8 1.54 3.4 13.79 50
Cobalt 2.3-17.2 6/176 2.5 10.5 3.5 4.6 11.57 NA

Copper 0.4-69.7 54/176 2.1 27.3 3.97 7.5 27.48 1000
!Iron 4.8-363 119/180 7.2 24400 108.58 1624 7135 300
Lead 0.8-20 18/180 1.2 28.4 0.91 1.3 3.88 NA

Magnesium NA 180/180 549 1070000 15092 103358 500168 NA
Manganese 1.1-12.3 172/180 1.1 2480 86.01 1171 5213 50

Mercury-n 0.1-0.29 3/180 0.2 0.3 0.1 0.1 0.15 2
Molybdenum 2.0-25.4 5/100 3.1 19.4 4.59 5.6 11.52 NA

Nickel 1.7-49.1 13/180 2.7 151 5.6 7.4 19.06 100
Potassium 763-2340 175/180 1200 505000 14314 40552 182153 NA

Selenium-n 1.9-54 1/180 2.5 2.5 1.58 1.9 5.97 50
Silver-n 0.4-5.4 2/170 2.4 4.8 1.48 1.6 3.33 100
Sodium NA 180/180 4600 8160000 198988 937369 4539829 NA

Thallium-n 1.7-76 3/175 3.6 5.2 2.21 2.3 5.8 2
Vanadium 1.4-19.5 69/180 2 50.8 4.97 8.4 28.65 NA

Zinc 0.5-32.8 55/180 2.8 46800 4.87 10.5 42.91 5000

Notes:

Statistics for chemicals denoted with "-n" are based on a normal distribution; too few detections were available to determine probability distribution
b Frequency of detection values expressed as number of samples in which chemical was detected/total number of samples analyzed for chemical

cGroundwater MCLs required to support municipal water supply based on the Water Quality Control Plan, San Francisco Bay Basin, Region 2 (RWQCB 1995)
pg/L - Microgram per liter

80 LCL/95 - 80th percent lower confidence limit on the 95th percentile of the distribution
95 UCL - 95th upper confidence limit
MCL - Maximum contaminant level
NA - Not available
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CHAPTER 3

INSTALLATION-WIDE REMEDIAL INVESTIGATION ACTIVITIES

This section describes the RI!FS activities conducted at Alameda Point for the OU-3 site between 1990

and 1995. Section 3.1 describes the investigative techniques, and Section 3.2 describes the types of

samples collected. Section 3.3 summarizes the data quality objectives (DQO), data quality

documentation, and data validation.

3.1 INVESTIGATIVE TECHNIQUES

Variousinvestigativetechniqueswereemployedduringthe RI/FSactivitiesat AlamedaPoint,as

describedbelow. All techniquesusedconformedto TtEMIcorporatestandardoperatingprocedures

(SOP). Acopy of eachof therelevantSOPsisprovidedin AppendixD.

3.1.1 Subsurface Drilling

Seven subsurface drilling techniques were used during RI/FS activities. Prior to subsurface drilling

activities, a geophysical survey was conducted. The geophysical survey consisted of surveying proposed

borehole locations to determine the presence of buried utilities or other subterranean hazards. Locations

were surveyed with a Geonics EM31 Conductivity Meter and a GeoMetrics 856 Magnetometer using a

continuous instrument sweep approach. The survey sweep approach consisted of repetitive, back-and-

forth profiling over each proposed borehole location. When the instruments gave no anomalous readings

over the proposed location, a geophysicist approved it for drilling. When the instruments showed

anomalies at a proposed borehole location, the geophysicist selected another location that was clear of

anomalies. Geophysical reports are discussed in the CTO No. 280 RI/FS data transmittal memorandum

(PRC and MW 1995).

Following subsurface drilling activities, boring locations were surveyed to identify the horizontal and

vertical coordinates of all sampling locations and associated surrounding features. The following land

survey information was collected at Alameda Point:

• Locations and elevations of soil borings and surface soil sampling
• Locations and elevations of installed groundwater monitoring wells

• Locations of CPT and HydroPunch ® sampling
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A State of California-licensed surveyor conducted the survey work using the California State Plane

Coordinate System. Elevations were surveyed relative to the 1929 U.S. Geological Survey (USGS)

MLLW datum. To remain consistent with standard survey practices used by the NAS Alameda Facilities

Management Office, a baseline of 100 feet was added to the MLLW datum in order to remove the

possibility of negative elevations. The elevations of the tops of the well casings and the ground surface

adjacent to each were recorded. The measurement point on each casing was marked in permanent ink for

future water level measurements. Following the field work, maps were prepared by the land surveyor to

show all survey locations and elevations along with site physical features to aid in transfer of data. Data

were also provided electronically in a specified geographical information system (GIS)-compatible

format.

3.1.1.1 Hollow-Stem Auger Drilling

Hollow-stem auger drilling was performed using a drill rig equipped with continuous-flight, hollow-stem

augers. This drilling method was used at all IR sites. Hollow-stem augers were used to advance a

borehole when discrete soil samples were needed. The augers were advanced by applying downward

pressure on the augers as they were rotated. Soil was forced upward to the ground surface around the

exterior of the augers (spiral flights brought soil to the ground surface) during drilling. Soil cuttings were

brought to the surface and identified for lithologic logging.

3.1.1.2 Direct Rotary Drilling

Two general types of direct rotary drilling were used: mud and air. These drilling methods were used at

all IR sites where caution was needed when penetrating aconfining layer. Direct rotary drilling methods

were developed to increase drilling speeds and depths. A borehole was advanced by rotating a drill bit

into the subsurface. Cuttings were removed by continuously ,circulating drilling fluid (mud rotary) or

compressed air (air rotary) through the drill pipe. The mud rotary drilling system was designed to serve

two functions simultaneously: operate the drill bit and provide continuous circulation of drilling fluid.

Direct mud rotary drilling can be used for all types of sediment and bedrock and is particularly useful for

rapid drilling through poorly consolidated sediments or highly fractured bedrock. During air rotary

drilling, the bedrock penetration rate is often faster, and drill bit life is extended. However, the air rotary

method is not suitable for drilling in poorly consolidated or unconsolidated formations.
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3.1.1.3 Hand Auger Drilling

Hand auger drilling was primarily used to collect soil samples from relatively shallow, unconsolidated

materials. Generally, hand augers are useful for sampling all types of soil except cohesionless materials

below the water table or hard or cemented soils. The operational limit of hand auguring is usually 5 feet,

but deeper borings are possible using auger extensions. Hand auguring may be a preferred sampling

method when certain conditions prevail, such as when contaminant sources are shallow, or when areas are

inaccessible to conventional drilling rigs, and for quick, preliminary studies. Hand auguring is

inappropriate when undisturbed samples are needed or when detailed lithologic information is required.

3.1.1.4 GeoProbe® Sampling

The GeoProbe®is a truck-mounted, hydraulically powered probing machine. The GeoProbe®relies on

the weight of the truck to hydraulically force interconnecting hollow, stainless-steel rods equipped with a

retractable piston drive point into the subsurface. When the appropriate sampling depth was reached, the

drive point lock was removed and the rod was advanced approximately 2 feet, collecting a soil sample.

The rods were then hydraulically retracted, and the soil sample was brought to the surface. Depth-

_, discrete groundwater samples were also collected by replacing the hollow rods with a groundwater

collection device. The device was advanced to the desired depth beneath the groundwater surface in the

same fashion as the hollow rods. The drive point was unlocked, and the rods were retracted slightly,

revealing a slotted well point groundwater sampler. Attached to the sampler was a peristaltic pump with

polyethylene tubing through which water was brought to the surface.

The benefits of using a GeoProbe®rather than a conventional drilling rig were that no soil cuttings were

generated during the advancement of the GeoProbe®rods (the soil was forced radially outward while

surrounding soil material). Because the GeoProbe®could be advanced to a specified depth prior to soil

sample collection, accurate lithologic logging of the subsurface could be achieved.

3.1.1.5 Cone Penetrometer Testing

CPT was used to obtain supplemental lithologic information and to evaluate the depth and thickness of

the SWBZ. CPT equipment consists of an electromechanical cone that is hydraulically pushed.vertically

through the soil at a constant rate while physical parameters are recorded electronically. The parameters

recorded included (1) penetration resistance as measured at tile cone tip, (2) friction as measured on a
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friction sleeve, and (3) pore pressure as measured directly behind the cone tip. Continuous depth profiles

of these three parameters allowed qualitative interpretations of soil lithology.

3.1.1.6 HydroPunch®Sampling

The HydroPunch®sampler was used to collect grab groundwater samples at discrete locations. The

HydroPunch®was operated similarly to the GeoProbe®. Drive rods equipped with a disposable screen

and drive tip were advanced using direct push technology. When the specified depth was reached, the

rods were slightly retracted, revealing the screen. A groundwater sample was then collected using a

disposable bailer.

3.1.1.7 Well Installation

Groundwater monitoring wells were used to obtain information on the hydrology of an aquifer (for

example, groundwater flow direction and hydraulic gradient) and the chemical composition of the aquifer.

Groundwater monitoring wells were installed at all IR sites by drilling a borehole using one of the drilling

rigs discussed above. A monitoring well assembly consisted of a predetermined length of slotted,

polyvinyl chloride (PVC) pipe; lengths of blank PVC pipe (casing); an end plug; and a lockable,

watertight well cap. The assembly was lowered and centered within the boring. Sand was tremied into

the boring around the well and packed down to provide a solid filter pack. The sand filled the annular

space surrounding the well to a minimum of 2 feet above the top of the screened interval. A minimum of

2 feet of granular bentonite (or bentonite pellets when below the water table) was then placed in the

annular space above the sand. A cement-bentonite mixture was then tremied into the annular space from

the bentonite to 1 foot below the top of the well. A steel Christy box was then placed around the well and

secured in the cement. The Christy box allows for convenient access to the monitoring well.

3.1.2 Pumping and Slug Testing

All pumping was performed during aquifer testing and mechanical bailing of monitoring wells using a

small, submersible pump with a typical capacity of 2 gallons per minute (gpm). Further details regarding

aquifer testing are provided in the "RI/FS Final Aquifer Test Work Plan" (PRC 1995a) and the

"Technical Memorandum Aquifer Test Data Analysis" (PRC and MW 1996b).
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Rising head slug tests were performed in monitoring wells to determine the permeability of the aquifers.

The slugs were 5-foot lengths of 1-inch-diameter PVC pipe. The pipe was filled with clean sand, and

both ends were sealed watertight. Slugs were cleaned with Liquinox® soap and deionized water prior to

their use in each well. A new, nylon cord was used to lower a slug in each well.

Data were recorded with a Hermit 1000B® data logger and a 10 pounds per square inch (psi) transducer.

To record data, the transducer was lowered to near the bottom of the well and secured with duct tape to

prevent it from moving. The slug was then placed into the well, the water level was allowed to stabilize,

and the data logger is programmed. For a rising head test, the slug was quickly withdrawn from the well

while the data logger was started. The water level was allowed to recover to at least 80 percent of its

original level before the test was stopped.

3.1.3 Tidal Influence Studies

Tidal influence studies were conducted at Alameda Point on April 29 and 30, 1997, at IR Sites 2, 3, 4, 5,

9, 11, and 16 and the housing area; from January 20 through February 2, 1992, at IR Sites 7, 10, 1l, 14,

and 15 (PRC and JMM 1992b); and from April 16 through 19, 1992, at IR Sites 1 and 2 and the Runway

Area (PRC and MW 1993a). The objectives of these studies were to evaluate the influence of tidal

fluctuations in San Francisco Bay on groundwater elevations in the FWBZ and SWBZ underlying

Alameda Point and to establish groundwater flow directions _mdgradients where possible.

Water levels were manually measured at hourly intervals in monitoring wells and piezometers using

electronic water-level probes with audible alarms. Water levels in two stilling wells in San Francisco Bay

were monitored using pressure transducers connected to electronic data loggers. The depth of the water

column above the transducers was recorded by the data loggers every 15 minutes during the 24- or 72-

hour studies. In addition, manual measurements were taken using a steel tape in the stilling wells at the

beginning and end of each study to calibrate the equipment and confirm the accuracy of the instruments.

Depth to groundwater measurements for each monitoring well and piezometer were converted into

groundwater elevations based on the surveyed elevation of the top of the well casing. Surface water

elevations were also calculated based on the surveyed elevation of the measurement point at the top of

each stilling well casing. All elevations were relative to the MLLW.

A hydrograph (a plot of time versus groundwater or surface water elevation) was generated for each of

_€ the monitoring wells and piezometers and the two stilling wells. On the hydrographs that showed
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evidence of tidal influence, vertical lineswere plotted to represent the approximate times of the high and

low tides in San Francisco Bay (based on measurements in the nearest stilling well). Water level

fluctuations in the monitoring wells and piezometers over time were compared to one another, and to the

tidal fluctuations in San Francisco Bay. This comparison was made to establish (1) the extent of tidal

influence, and (2) the lag time between maximum water levels in the bay and maximum water levels in

the tidally influenced monitoring wells and piezometers.

The tidal influence study data were used to estimate average groundwater elevation by applying three

moving averages to the water level measurements in order to yield a mean value for a well (Serfes 1991).

This mean value was the actual elevation of the groundwater after tidal influence was factored out.

Mean groundwater elevations were then posted for both tidally and non-tidally influenced monitoring

wells and piezometers.

3.2 SAMPLE COLLECTION

This section provides details on the types of sampling perfomaed and the samples collected during RI/FS

activities. Soil sampling and groundwater sampling were conducted at Alameda Point during RI/FS

activities. All sampling techniques used conformed to TtEMI's corporate SOPs. SOPs for the sampling

techniques used are provided in Appendix D.

3.2.1 Soil Sampling

Three types of soil sampling were conducted during RI/FS activities: surface soil sampling, subsurface

soil sampling, and surface sampling beneath buildings. Soil samples for chemical analyses were collected

either as grab or composite samples. Each grab sample was collected from a discrete location or depth.

Each composite sample consisted of soils collected from more than one discrete location. Typically,

composite samples consisted of soils collected from several locations and homogenized in a stainless-

steel or Teflon pan or tray.

Visual descriptions of samples, based on the Unified Soil Classification System (USCS) were recorded in

the field logs (see SOP No. 028, "Visual Classification of Soils" in Appendix D). Field tests such as

moisture and head space analyses were also conducted.
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3.2.1.1 Surface Soil Sampling

Surface soil samples were collected to assess the extent of contamination in the top 6 inches of soil.

Surface soil samples were collected as grab samples using a stainless-steel trowel.

3.2.1.2 Subsurface Soil Sampling

Subsurface soil samples were collected to assess the vertical and lateral extent of soil contamination at

Alameda Point IR sites. Subsurface soil samples were collected using a drill rig equipped with a

California split-spoon sampler and using a GeoProbe®equipped with 2-inch-diameter, 1.5-to-3-foot-long

polyethylene tubes. The GeoProbe®sampling method is described further in Section 3.1.1.4.

3.2.1.3 Building Surface Sampling

Soil samples were collected from surface soil underneath buildings to determine whether contaminants

had migrated below the concrete floors of the buildings. Holes were drilled in the concrete floors, and

samples were collected using either a hand auger or a stainless-steel trowel. Soil samples were classified

in accordance with the USCS.

3.2.2 Groundwater Sampling

To perform groundwater sampling at a well, the well cap was removed, and a static water level meter was

lowered to determine the level of the water in the well and the total depth of the well. Once this

information was obtained, a purging volume was determined. The purging volume was the amount of

groundwater that had to be removed from the well in order to remove any stagnant water and obtain a

representative sample from the aquifer. The purge water was typically stored on-site in U.S. Department

of Transportation (DOT)-approved 55-gallon drums until analytical results for the groundwater samples

were received. If the analytical results showed the purge water to be nonhazardous, the water would be

sent through an active industrial waste treatment plant at Alameda Point and into the sanitary sewer. If

the purge water was determined to be hazardous, the water would be taken off site to an appropriate

treatment facility such as Kettleman Hills in Kettleman City, California. After the well was purged, the

water was allowed to recharge to static levels. When the well had sufficiently recharged, a bailer was

lowered into the well and the extracted water is poured into appropriate sample containers. The

containers were then placed in a cooler with ice and transported to a state-certified laboratory for analysis.

3-7



3.3 DATA QUALITY OBJECTIVES, DATA ,QUALITY DOCUMENTATION, AND
DATA VALIDATION

This section describes the DQOs for the data collected for the AlamedaPoint RIFFS,the data quality

documentation for the RIFFS,and the data validation process used to evaluate the data for usability.

Specifically, Section 3.3.1 discusses the Alameda Point DQOs, how the DQOs were developed for the

RIFFS,and the levels of data quality for RIFFSactivities (based on the Navy's data quality criteria);

Section 3.3.2 discusses the data quality documentation prepared for the RIFFS;and Section 3.3.3

discusses the data validation performed for the OU-3 data. IVloreover,Section 3.3.3 discusses (1) the

critical parameters used to evaluate data quality during data validation and (2) the data validation process

and whether DQOs for the Alameda Point RIFFSwere met.

As noted in Chapter 1, RIFFS activities were conducted at Alameda Point in a phased approach, and

chemical data sets obtained from the laboratories contained data for various IR sites. Therefore, quality

control summary reports (QCSR) for Alameda Point RIFFS activities were prepared for various phases of

the investigation on a non-site-specific basis. QCSRs (as discussed in Section 3.3.3) provide more details

on data quality and data validation results.

3.3.1 Data Quality Objectives _'

DQOs are qualitative and quantitative statements developed by data users to specify the quality of data

needed from a particular data collection activity to support specific decisions or regulatory actions. The

DQOs for the RIFFS at Alameda Point were developed based on EPA guidelines in "Data Quality

Objectives for Remedial Response Activities Development Process' (EPA 1987a), "Data Quality

Objectives Process for Superfund Interim Final Guidance" (EPA 1993a), and "Guidance for the Data

Quality Objectives Process" (EPA 1994a).

To collect chemical and physical data of acceptable quality and quantity to support the RIFFSactivities at

Alameda Point, four primary DQOs were identified in the work plan documents: (1) support the

determination of the nature and extent of potential contamination, (2) support ERAs and HHRAs,

(3) support water quality assessments, and (4) support evaluation and selection of remedial alternatives

(Canonie 1990; PRC and MW 1993b; and PRC and Uribe and Associates [U&A] 1997).

The DQOs developed for the RIFFS activities at Alameda Point dictated whether analytical data generated

would be of either screening or definitive quality. Each of these categories is defined by quality
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assurance and quality control (QA/QC) procedures specific to each field or laboratory analytical method

used. In support of the DQOs, both screening data and definitive data were generated using a wide range

of field and laboratory methodologies. The field screening and definitive data generated for use in the

RI/FS for OU-3 are distributed among Naval Energy and Environmental Support Activity (NEESA)

Levels A, B, C, and D. NEESA QC Levels A, B, C, and D correlate directly with former EPA Levels 1,

2, 3, and 4, respectively (Navy 1990a).

Sample analyses performed in the field using criteria specified for NEESA QC Levels A and B generated

qualitative and semiquantitative field screening data. Sample analyses performed in a "fixed laboratory"

using criteria specified for NEESA QC Levels C and D generated definitive data. A brief description of

each QC level has been excerpted from the NEESA guidance document (Navy 1990a) and is presented

below.

• NEESA Level A Field Analytical Data:

Level A data are [field] data which are non-quantitative and are used as indicator
parameters. Level A corresponds directly with former EPA Level 1. Equipment
capability or usage limits the data obtained to qualitative or, at best, semi-quantitative.
[Examples of Level A data include data generated in the field using volatile organic
analyzers; immuno-assay field test kits; or water quality meters such as pH, temperature,

_€ conductivity, and turbidity meters.]

• NEESA Level B Field Analytical Data:

Level B data are [field] data which are quantified. Level B corresponds directly with
former EPA Level 2. Level B differs from Levels C and D, though, in that the high
levels of QC required to support the data are not obtained. [Examples of Level B data
include data generated in the field using field-portable or mobile laboratory gas
chromatographs, spectrophotometers, or portable x-ray fluorescence detectors.]

• NEESA Level C Laboratory QA:

A site requiring Level C QC would be a site near a populated area, not on the National
Priorities List (NPL), and not likely to be undergoing litigation. Level C QC includes
review and approval of the Laboratory Quality Assurance Plan (LQAP) and the field QA
plan. The laboratory shall successfully analyze a performance sample, undergo an audit,
correct deficiencies found during the audit, and provide monthly progress reports (MPR)
on QC.

Most laboratory soil and water analyses should be performed using Level C. Level D
should only be used at NPL sites, as required by regulators, or at sites where legal action
is pending, At many sites, Level C laboratory data confirming the field screening data
will be sufficient.
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Level C provides low detection limits, a wide range of calibrated analytes, matrix
recovery information, laboratory process control information, and known precision and
accuracy. Level C laboratory QC requirements are as follows:

- Method blanks: one per batch per matrix (not to exceed 20 samples).
Blank spikes or laboratory control samples: one per batch per matrix
(not to exceed 20 samples).

- Matrix spikes/matrix spike duplicates: for organics, one per 20 samples
per matrix.

- Matrix spikes/duplicates: for inorganics, one per 20 samples per matrix.

Level C field QC requirements are as follows:

- Trip blank: one per cooler containing volatile organic analysis (VOA)
samples; generated by the laboratory.

- Equipment rinsate: one per day; analyzed every other day.
- Field blank: one per source per event.
- Field duplicate: 10 percent ;frequency per matrix.

EPA accepted methods, such as those in SW-846, National Pollutant Discharge
Elimination System (NPDES), and the Contract Laboratory Program (CLP) Statement of
Work (SOW) are utilized under Level C. Reference to the CLP forms later in this
document are provided as an example of the type of information required from the
laboratory. Since these forms are commonly used and computerized, and present
information essential to review the data quality, they are referenced. Presentation of the
same information in a different format, using non-CLP methods, such as SW-846 or
NPDES, is acceptable. Level C is not exclusively CLP. CLP methods are allowed, but
not required. Volatile and semivolatile organic analyses by gas chromatograph/mass
spectrometry (GC/MS), however, must be performed by the most current CLP methods.

Advantages of Level C QC are greater precision and accuracy than Levels A and B, and
more established and documented QC. Lew_lC can be used for risk assessment. The
time required to obtain data, typically 20 to 130days, is a disadvantage.

Level C data may be used for risk assessment, site characterization, evaluation of
alternatives, engineering design, and monitoring during implementation.

• NEESA Level D Laboratory QA:

Level D QC is to be used when comprehensive data quality documentation is required.
Typically this level is needed for select samples at the NPL sites. These sites are usually
near populated areas and are likely to undergo litigation.

Level D QC includes review and approval of the LQAP and the project work plan,
including the sampling and analysis plan, and the QA plan. The laboratory will
successfully analyze a performance sample, undergo an audit, correct deficiencies found
during the audit, and provide MPRs on QC.
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For Level D, CLP methods and full data package deliverables are required for analyses
covered by these methods. Methods not included in the CLP will be evaluated to Level
D by including appropriate QC samples (same as Level C), and submitting all raw sample
and calibration data. The field QC requirements are the same as in Level C.

The advantages of Level D QC are that the methods are accepted by all EPA states,
regions, and courts. The methods provide the best documented information on matrix
effects and precision and accuracy of all the environmental methods. Methods are
detailed, therefore, more consistency between laboratories is observable. Because all raw
sample data, calibration, and QC documentation is presented, the reviewer can fully
assess data quality. Disadvantages are 30-40 day turnaround, large quantities of data for
storage and review, and higher costs.

This data may be used for risk assessment, site characterization, evaluation of
alternatives, engineering design, and monitoring implementation.

As stated above, data generated for the Alameda Point RIFFSare distributed among NEESA QC Levels

A, B, C, and D. Level A and Level B data were generated in the field and were used (1) for health and

safety monitoring, (2)as indicator parameters for groundwater monitoring sampling, (3) as guidance for

field investigations, and (4) as guidance for removal actions. As specified in the NEESA guidance

document, only Level C and D data, or definitive data, are usable for the purposes of risk assessment, site

characterization, evaluation of alternatives, engineering design, and monitoring implementation (Navy

1990a). For this reason, Level A and Level B data are not included in the Alameda Point chemical

database and consequently are not included in the OU-3 data set. Therefore, discussion of data quality for

the Alameda Point RIFFSis limited only to the definitive data generated for the OU-3 RIFFS.

3.3.2 Data Quality Documentation

For early RIFFS sampling activities, the quality of definitive data generated is equivalent to NEESA QC

Level C as described in the quality assurance project plan (QAPP) and QA/QC plan, which is Volume 3

of the RIFFS work plan (Canonic 1990), with two exceptions. The two exceptions are that CLP methods

were not used for GC/MS analyses for VOCs and SVOCs. The sampling plan, which is Volume 1 of the

RIFFS work plan (Canonic 1990), specifies EPA 600 methods (EPA 1979) and EPA SW-846 methods

(EPA 1986a) for analysis for organic compounds by GC/MS. Data needs for the early RIFFS sampling

activities are identified in the sampling plan (Canonic 1990) and are consistent with the EPA guidance

titled "Data Needs for Selecting Remedial Action Technologies" (EPA 1987b). For follow-on RIFFS

sampling activities, the quality of the definitive data generated is equivalent to NEESA QC Level D as

described in the QAPP revision, which is Section 3.0 of the NAS Alameda RIFFS work plan addendum

(PRC and MW 1993b). For groundwater sampling activities performed at IR Site 1 in 1997 and 1998, the
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quality of the definitive data generated is equivalent to NEESA QC Level D as described in the QAPP

addendum (Volume IIb) of the groundwater monitoring plan (PRC and U&A 1997). _,

The QAPPs used for the Alameda Point RI/FS sampling activities were prepared in accordance with four

EPA guidance documents: (1) "Interim Guidelines and Specifications for Preparing Quality Assurance

Project Plans" (EPA 1980); (12)"Data Quality Objectives for Remedial Response Activities Development

Process" (EPA 1987a); (3) "U.S. EPA Region 9 Guidance for Preparing Quality Assurance Project Plans

for Superfund Remedial Projects" (EPA 1989b); and (4) "EPA Requirements for Quality Assurance

Project Plans for Environmental Data Operations" (EPA 1994b).

3.3.3 Data Validation

The methods and procedures used to analyze RI/FS samples collected at Alameda Point were chosen such

that analytical data of acceptable quality and quantity would be generated in support of the DQOs

described in Section 3.3.1. The acceptability of analytical data (the determination of data quality as it

pertains to the usability of the data for purposes identified in the DQOs) is evaluated using the critical

indicator parameters of precision, accuracy, representativeness, completeness, and comparability and is

determined through the process of data validation. Data validation consists of a detailed review of the

raw data to determine their quality. To perform data validation, the laboratory generating the data must

provide the data user with full data packages documenting all details of the analyses performed.

For early RI/FS activities performed at Alameda Point by Canonie (Phases 1 and 2A), data were

generated using methods specified in the RI/FS work plan (Canonie 1990). Although the Canonie data

collected for IR Site 1 were generated by certified laboratoriesusing approved EPA methods, the

documentation required for data did not include data packages; therefore, no validation of these data was

performed, and data's quality cannot be evaluated. However, based on the NEESA definitions of data

quality levels, the Canonie data are considered to be ofLeve_ C quality and may be used for RI/FS and

risk assessmentpurposes; therefore, the Canonie data have been used in the Alameda Point RI/FS. Data

generated during the 1993 to 1994Phase 4 investigation were not validated and therefore not used for the

RI/FS. Date generated during the 1996to 1997Phase 4 investigation conducted for IR Sites 17,20, and

24 included the use of CLP methods and validation reports were prepared. The data for RI/FS Phases 5

and 6, the follow-on RI/FS sampling activities, and the 1997-1998 groundwater monitoring events (as

described in Section 1.4.2) were generated using CLP methods. Also, full data packages were provided,

and data validation was performed; therefore, the data from Phases 5 and 6, the follow-on investigation,
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and the 1997-1998 groundwater monitoring events are considered to be of Level D quality and are

acceptable for RI/FS and risk assessment purposes. The percentage of Canonie data (Phase 1 and 2A

data) for OU-3 that are unvalidated is approximately 7 percent. Analytical methods used to generate the

OU-3 data are presented in Table 3-1.

For the data generated during Phases 5 and 6, the follow-on RI/FS sampling activities, and the 1997and

1998 groundwater monitoring events, data validation was performed based on the PARCC parameters.

Detailed reports on the data validation process are presented in the following documents: (1) QCSR for

Phases 5 and 6 (PRC and MW 1993c); (2) QCSR for follow-on RI/FS activities for soil, sediment, and

HydroPunch* Samples (PRC 1996d); (3) QCSR for follow-on RI/FS activities for four quarters of

groundwater sampling (TtEMI 1998b); and (4) QCSR for 1997-1998groundwater monitoring events

(TtEMI 1998c).

The following subsections describe (1) the PARCC parameters and how they are evaluated with respect to

data quality and (2) the data validation process.

3.3.3.1 Critical Parameters

The datacollected forOU-3 were evaluatedfor acceptablequalityandquantitybased on the PARCC

critical indicatorparameters. This section discussesthese critical indicatorparameterswith respectto

dataquality.

Precision. Precision was measured by evaluating field duplicate samples, matrix spike duplicate samples,

and matrix duplicate samples. Precision was expressed as the relative percent difference (RPD) of a pair.

Precision objectives for each analytical methodology used are stated in the specific QAPP that the data

were generated under. During the process of data validation,, all field duplicate samples, matrix spike

duplicate pairs, and matrix duplicate samples were evaluated for compliance with the acceptance criteria

for precision, expressed as RPDs, for each applicable analytical methodology. These RPD evaluations

are documented in the individual QCSRs prepared for each phase of the Alameda Point RI/FS (PRC and

MW 1993c; PRC 1996d; TtEMI 1998b and 1998c).

Accuracy. Accuracy was measured by evaluating matrix spike samples, laboratory control samples

(LCS), surrogate recoveries (for organic analyses), and radiometric and gravimetric yields (for

radiometric analyses). Accuracy was expressed as percent recovery. Accuracy objectives for each
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analytical methodology used are stated in the specific QAPP under which the data were generated.

Through the data validation process, all matrix spike, LCS, surrogate, and radiometric and gravimetric

yields were evaluated for compliance with the acceptance criteria for accuracy for each applicable

analytical methodology. The evaluations of percent recovery are documented in the individual QCSRs

prepared for each phase of the Alameda Point RI/FS (PRC and MW 1993c; PRC 1996d; TtEMI 1998b

and 1998c).

Representativeness. Sample results were evaluated for representativeness by examining items related to

sample collection, such as chain-of-custody documentation, that includes labeling of samples, sample

collection dates, and the condition of the samples upon their receipt at the laboratory. Laboratory

procedures and performance were also examined, including reporting of anomalies by the laboratory

either upon receipt of the samples at the laboratory or during the analytical process; the holding times for

samples prior to their analysis; calibration of laboratory instruments; adherence to analytical methods;

quan.titationlimits used for samples; and the completeness of the datapackage documentation. Any

anomalies reported by the field sampling technicians or laboratories that affected the representativeness of

the samples are documented in the individual QCSRs prepared for each phase of the Alameda Point RIFFS

(PRC and MW 1993c; PRC 1996d; TtEMI 1998b and 1998c).

Completeness. Completeness was defined as the percentage of measurements judged valid. The validity

of sample results was determined through the data validation process. All sample results that were

rejected and any missing analyses were considered incomplete (1.5 percent of the OU-3 data was

rejected). Data qualified as estimated were considered valid and usable. Any anomalies reported by the

field sampling technicians or laboratories that affected the representativeness of the samples are

documented in the individual QCSRs prepared for each phase of the Alameda Point RI (PRC and MW

1993c; PRC 1996d; TtEMI 1998b and TtEMI 1998c).

The completeness goal for the Alameda Point RI/FS analytical data (as documented in the QAPPs) is

90 percent. Completeness was measured as the number of complete, valid sample results divided by the

total number of sample results. To calculate the total number of sample analyses, each compound or

analyte for each methodology was multiplied by the total number of samples analyzed. The completeness

goal of 90 percent was met as documented in the individual QCSRs prepared for each phase of the

Alameda Point RI/FS (PRC and MW 1993c; PRC 1996d; TtEMI 1998b and 1998c).
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Comparability. The comparability of data is a qualitative parameter that expresses the confidence with

which one data set may be compared to another. Comparability of data is achieved using standard

methods of analysis, standard quantitation limits, and standardized data validation procedures.

Soil sample results generated using CLP methods were reported in dry-weight units; results were adjusted

for moisture content. Quantitation limits within a method varied slightly from sample to sample because

of the adjustments for moisture content; however, this did not affect data quality. Soil sample results

generated using SW-846 methods were reported on a wet-weight basis unless otherwise specified in the

applicable QAPP.

Elevated reporting limits were assessed during the data validation process to determine whether a

justifiable reason existed for the raised limits. Reporting limits were raised in cases where sample

extracts were diluted and analyzed or a smaller aliquot of an original sample was analyzed due to high

concentrations of target or interfering compounds. In most such cases, the elevated reporting limits were

considered acceptable and did not affect data quality.

3.3.3.2 Data Validation Process

Analytical data generated for RI/FS Phases 5 and 6 and the follow-on RI/FS activities were validated in

accordance with the following documents: "National Functional Guidelines for Organic Data Review"

(EPA 1990a), "Draft National Functional Guidelines for Organics for the Pesticide Fraction" (EPA

199lb), and "Laboratory Data Validation Functional Guidelines for Evaluating Inorganics Analyses"

(EPA 1988b). Analytical data generated for the 1997and 1998groundwater monitoring events were

validated in accordance with the following documents: "USEPA CLP National Functional Guidelines for

Organic Data Review" (EPA 1994c) and "USEPA CLP National Functional Guidelines for Inorganic

Data Review" (EPA 1994d).

All analytical results reported for each data set (usually consisting of 20 samples [or less] that were

analyzed for many constituents by various methods) were validated based on the criteria specified in the

above-referenced functional guidelines. The data validation parameters reviewed for CLP inorganics,

CLP organics, and non-CLP organics and inorganics are presented in Table 3-2.

Once the data were validated, validation qualifiers were applied to the analytical results as appropriate.

Data validation qualifiers are alphabetic characters assigned to reported values that correspond to
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definitions specified in the functional guidelines. Data validation qualifiers and their definitions are listed

in Table 3-3.

The laboratories submitted analytical reports containing laboratory qualifiers that are defined by either the

EPA CLP SOW or the laboratory SOPs. The CLP- or laboratory-defined qualifiers identified such items

as nondetected values, values below the contract-required quantitation limit (CRQL) (considered to be

estimated values), and values associated with problems during the analysis. During data validation, these

CLP- or laboratory-defined data qualifiers were evaluated for'appropriateness and were replaced as

necessary with the appropriate data validation qualifiers defined in the functional guidelines. The

validated data, including appropriate qualifiers, are stored electronically in the Alameda Point RI/FS

chemical database.

In addition to analytical results with associated qualifiers, the chemical database includes a provision for

assigning validation comment codes. A comment code is used to explain an assigned qualifier. The

letters "a" through "h" were established for the comment codes and are used to reference different QC

issues that may have impacted the analytical results. The definitions for these comment codes are

provided in Table 3-3.

Based on the data validation process documented in the indiviidual QCSRs prepared for each phase of the

Alameda Point RI/FS (PRC and MW 1993c; PRC 1996d; TtEMI 1998b and TtEMI 1998c), the validated

analytical results generated for OU-3 provide (1) Level D data as defined by the NEESA guidance titled

"Quality Assurance in Environmental Analysis" (Navy 1990a) and (2) former EPA Level 4 data (except

that full validation was performed on only l 0 percent of the data) as defined by the EPA guidance titled

"Data Quality Objectives for Remedial Response Activities Development Process" (EPA 1987a).

NEESA QC Level D and former EPA QC Level 4 data are suitable for site characterization and risk

assessment purposes and thus support the DQOs of the OU-3 RI/FS.
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TABLE 3-1
ANALYTICAL METHODS

ALAMEDA POINT

(Page 1 of 2)

Method Manual Analytical Method Constituents
EPACLP_b CLPSOW VolatileOrganic Compounds(VOC)

CLPSOW SemivolatileOrganic
Compounds(SVOC)

CLPSOW OrganochlorinePesticides and
PolychlorinatedBiphenyls

(Pest/PCB)
CLPSOW MetalsandCyanide
CLPSOW PercentMoistureandpH

EPA SW-8460 6010 Metals

7471 Mercury
8080 Polychlorinated Biphenyls (PCB)
8240 VOC
8270 SVOC

8280 Polychlorinated Dibenzo-p-dioxins (PCDD)
and

Polychlorinated Dibenzofurans (PCDF)
9040, 9045 pH
9070, 9071 Total Recoverable Oil and Grease

9073 Total Recoverable Petroleum Hydrocarbons
9060 Total Organic Carbon

9050A Conductivity
9320 Radium 228

EPA 600_ 900 Gross Alpha and Gross Beta
903.1 Radium 226
904 Radium 228

MCAWW° 305.1 Acidity
353.1,353.2 Anions

(Chloride, Fluoride, Nitrate/Nitrite)
310.1 Alkalinity
160.1 Percent Solids

(Filterable)
418.1 Total Recoverable Petroleum Hydrocarbons
120.1 Conductivity
130.2 Total Hardness
200.7 Metals
300.0 Anions

(Chloride, Fluoride, Sulfate, Nitrate, Nitrite)
150.1 pH
376.1 Sulfide

415.1 Total Organic Carbon
410.1, 410.4 Chemical Oxygen Demand
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TABLE 3-1
ANALYTICAL METHODS

ALAMEDA POINT
(Page 2 of 2)

Method Manual Analytical Method Constituents
StandardMethodsf SM 5310 Total OrganicCarbon

SM 2320 Alkalinity
SM 7110 GrossAlpha andGross Beta Radiation

California 8015-Modified Total ExtractablePetroleum
LUFT Manuals Hydrocarbons

8015-Modified Total PurgeablePetroleumHydrocarbons
ASTMh D2216 Percent Moisture

D2974 Total Organic Carbon
HASL 300_ RA-03 Radium 226/228

Notes:

aContract Laboratory Program Statement of Work for Inorganic Analyses (Environmental Protection Agency
[EPA] 1990and 1995)

Contract Laboratory Program Statement of Work for Organic Analyses (EPA 1990 and 1994)
°Test Methods for Evaluating Solid Waste, SW-846 (EPA 1986)
dPrescribed Procedures for Measurement of Radioactivity in Drinking Water, EPA 600/4-80-032 (EPA 1980)
°Methods for Chemical Analysis of Water and Wastes (EPA 1983)
fStandard Methods for the Examination of Water and Wastewater (American Public Health Association

1992)
California Leaking Underground Fuel Tank (LUFT) Manual (California State Water Resources Control

Board [SWRCB] 1988)
hAmerican Society for Testing and Materials (ASTM 1994)
Environmental Measurements Laboratory Procedures Manual, HASL 300, (Department of Energy [DOE]

1992)

S:kALAMEDA\CTO166XRIXSECT3.TBLS.DOC



TABLE 3-2
DATA VALIDATION PARAMETERS

ALAMEDA POINT

CLP Inorganics. Laboratory Data Validation Functional Guidelines for Evaluating
Inorganics Analyses (EPA 1988b)

* Holding times
* Calibrations (initial and continuing)
* Blanks (method, instrument, and preparation blanks)

Inductively coupled plasma (ICP) interferencecheck samples
* Laboratory control samples
* Duplicate sample analysis
* Matrixspike sample analysis

graphite furnace atomic adsorption(GFAA) quality control (QC)
* ICP serial dilution

Sample result verification
* Field duplicates
* Overall assessment of datafora sample delivery group (SDG)
CLP Organics. National Functional Guidelines for Organic Data Review (EPA 1990a)
* Holding times

Gas chromatography/mass spectrometry (GC/MS) tuning
* Calibrations (initial and continuing)
* Blanks (method, instrument, and preparation blanks)
* Surrogate recovery
* Matrix spikes/matrix spike duplicates
* Field duplicates
* Internal standard performance

Target compound identification
Tentatively identified compounds
System performance
Sample result verification

* Overall assessment of data for an SDG

Non-CLP Organic and Inorganic Parameters
* Method compliance
* Holding times
* Calibrations (initial and continuing)
* Blanks (method, instrument, and preparation blanks)
* Surrogate recovery
* Sample duplicates, matrix spikes, matrix spike duplicates, blank spikes
* Other laboratory QC specified by the method
* Field duplicates

Compound identification, quantitation, detection limits, and result verification
* Overall assessment of data for an SDG
Notes:

All items listed are evaluated in a full validation review; cursory review items are indicated by an
asterisk (*).

S:kALAMEDA\CTO166Wd'XSECT3.TBLS.DOC



TABLE 3-3
DATA VALIDATION QUALIFIERS

AND DATABASE COMMENT CODES
ALAMEDA POINT

Data Validation Qualifiers"
U - Indicates that the compound was analyzed for but was not detected above the

concentration listed. The value listed is the sample quantitation limit.
J - Indicates an estimated concentration. The result is ,consideredqualitatively acceptable but

quantitatively unreliable.
UJ- Indicates an estimated quantitation limit. The compound was analyzed for but was

considered nondetected.

JN - Iindicates the presence of an analyte that has been "tentatively identified". The associated
numerical value represents the analyte's approximate concentration.

R - Indicates that the result is unusable (compound may or may not be present). Resampling
and reanalysis are necessary for verification.

No qualifier - Indicates that the result is acceptable both qualitatively and quantitatively.
Database Comment Codes

a - Surrogate spike recovery problems
b - Blank contamination problems
c - Matrix spike recovery problems

d - Duplicate (precision) problems
e - Internal standard problems
f- Calibration problems
g - Quantification below the reporting limit
h - Other problems; refer to data validation narrative

Note:

"National Functional Guidelines for Organic Data Review (EPA 1990)
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CHAPTER 4

PRELIMINARY IDENTIFICATION OF APPLICABLE OR RELEVANT AND
APPROPRIATE REQUIREMENTS

This sectiondefinesapplicableor relevantandappropriaterequirements(ARAR) andidentifiesARARs

for OU-3RI.

4.1 APPLICABILITY OF REGULATORY REQUIREMENTS AT FEDERAL
FACILITIES

The Navy is makingthe following preliminaryidentificationof ARARs pursuantto sections

300.400(a)(5) and300.430(b) of the NationalOil andHazardousSubstancesPollutionContingencyPlan

(NCP). Section 121(d) of the ComprehensiveEnvironmentalResponse,Compensation,andLiabilityAct

(CERCLA)as amendedby the SuperfundAmendmentsandReauthorizationAct of 1986 (SARA) states

thatremedialactionsselectedunderSection 104 of CERCLAshall requirea level or standardof control

of hazardoussubstancesthatsatisfiesARARs underfederalor stateenvironmentalor facility siting laws.

ARARs may includestandards,criteria,limitations,or otherrequirementspromulgatedunderfederalor

statelaws. ARARs areused to determinethe appropriatecleanuplevel for a given site, develop site-

specific remedialresponseobjectives, develop remedialactionalternatives,anddirectsite cleanup.

_, ARARs apply only to hazardoussubstancesthat remainon site. The transfer of hazardoussubstancesoff

site mustalso comply withall applicablefederalandstate laws.

Section 120 of CERCLA provides guidance for remediation of hazardous substances released from

federal facilities. CERCLA requires the Navy (and other branches of the federal government) to comply

with CERCLA in the same manner and to the same extent as nongovernmental entities. Under Executive

Order 12580 - Superfund Implementation, the President of the United States delegated to the Secretary of

Defense the responsibility of responding to releases or threats of releases of hazardous substances from

facilities and vessels under the jurisdiction of the U.S. Department of Defense (DOD). Section 2701 of

SARA authorizes the Secretary of Defense to carry out a program of environmental restoration at

thcilities under his or her jurisdiction. DOD environmental restoration activities must be carriedout in a

manner consistent with Section 120 of CERCLA. Section 120(a)(4) of CERCLA also states that federal

facilities not listed on the NPL will be subject to state laws concerning removal and remedial actions. On

February 26, 1999, EPA notified the State of Californiathat it is considering placing Alameda Point on

the NPL, but as of the date of this RI Report this action has not been taken. Unless and until such time as

Alameda Point is made an NPL facility, any remedial actions taken at Alameda Point must be consistent

with state laws pertaining to removal and remedial actions.
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4.2 DEFINITION AND DEVELOPMENT OF ARARs

An ARAR may be either "applicable" or "relevant and appropriate" but not both. The NCP (40 Code of

Federal Regulations [CFR] Part 300) defines "applicable requirements" and "relevant and appropriate

requirements" as follows:

• Applicable requirements are those cleanup standards, standards of control, and other
substantive environmental protection requirements, criteria, or limitations promulgated
under federal or state environmental or facility siting law that specifically address a
hazardous substance, pollutant, contaminant, remedial action, location, or other
circumstance found at a CERCLA site. Only those state standards that are identified by a
state in a timely manner and that are more stringent than federal requirements may be

applicable.

• Relevant and appropriate requirements are those cleanup standards, standards of control,
and other substantive environmental protection requirements, criteria, or limitations
promulgated under federal or state environmental or facility siting law that, while not
applicable to a hazardous substance, pollutant, contaminant, remedial action, location, or
other circumstance found at a CERCLA site, address problems or situations sufficiently
similar to those encountered at the CERCLA site that their use is well suited to the

particular site. Only those state standards that are identified by a state in a timely manner
and that are more stringent than federal requirements may be relevant and appropriate.

Preliminary identification of ARARs involves considering a number of site-specific factors, including

potential remedial actions, compounds at the site, physical characteristics of the site, and the site location.

A requirement is applicable if it specifically addresses or regulates the hazardous substance, pollutant,

contaminant, action being taken, or other circumstances at the site. To determine whether a particular

requirement would be legally applicable, it is necessary to evaluate specific jurisdictional prerequisites of

the statute or regulation. All pertinent jurisdictional prerequisites must be met for the requirement to be

applicable. Jurisdictional prerequisites include the following:

• Who, as specified by the regulation, is subject to its authority

• The types of substances and activities listed as falling under the authority of the
regulation

• The time period for which the regulation is in effect

• The types of activities that the regulation requires, limits, or prohibits
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If jurisdictional prerequisites are met, the requirement is applicable. If not, the next step is to consider

whether the requirement is relevant and appropriate (EPA 1988a). The basic considerations when

determining whether a requirement is relevant and appropriate include evaluating whether the

requirement addresses situations or problems sufficiently similar to those encountered at the CERCLA

site (that is, its relevance) and whether its use is well suited to the site (that is, its appropriateness).

Determining whether a requirement is relevant and appropriate is a site-specific process carried out in

accordance with the factors listed in NCP Part 400.300(g)(2). The determination is based on the best

professional judgment of the lead agency (EPA 1988b and 1989b). Only those requirements or portions

of a requirement that are determined to be both relevant and appropriate must be complied with

(EPA 1988b).

Additionally, only laws and regulations that contain environmental or siting requirements can be ARARs,

and only the substantive provisions of those environmental or siting requirements are considered ARARs.

Thus, for example, provisions of environmental or siting requirements that are procedural or

administrative in nature are not ARARs. Also, record keeping, permitting, and reporting requirements are

not ARARs.

Waivers from meeting specific ARARs may be obtained under certain conditions defined in Section

121(d)(4) of CERCLA as amended by SARA. These conditions are as follows:

• The remedial action selected is only part of a total remedial action that will meet the
ARAR when completed.

• Compliance with the ARAR will result in greater risk to human health and the
environment.

• Compliance with the ARAR is technically impractical from an engineering perspective.

• The remedial action selected will attain a standard of performance equivalent to the
ARAR through use of another method or approach.

• With respect to a state ARAR, the state has not consistently applied or demonstrated the
intention to consistently apply the standard, requirement, criterion, or limitation in similar
circumstances for other remedial actions within the state.

Several waivers may apply to a site as a whole or to specific remedial alternatives and may require further

technical evaluation. A particular ARAR may be waived provided that the remedial actions selected are

protective of human health and the environment. If a waiver of a particular ARAR is determined to be
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applicable, the waiver will be documented in a ROD provided the remedial actions are protective of

human health and the environment.

In addition to ARARs, the NCP provides that agency advisories, criteria, or guidance "to be considered"

(TBC) for a particular release as appropriate (40 CFR § 300.400(g)(3)). As explained in the preamble to

the NCP, "TBCs should not be required as cleanup standards.., because they are, by definition,

generally neither promulgated nor enforceable so they do not have the same status under CERCLA as do

ARARs. TBCs may, however, be very useful in helping to determine what is protective at a site, or how

to carry out certain actions or requirements" (55 Federal Register 8745).

Sections 4.3 and 4.4 present potential state and federal ARARs for IR Site 1, and Section 4.5 discusses

potential TBCs. A summary of the ARARS discussed below is provided in Table 4-1. As the RI/FS

process continues, the list of ARARs will continue to be refined and adjusted.

4.3 IDENTIFICATION OF POTENTIAL ARARs

ARARs must be identified on a site-specific basis. Neither CERCLA nor the NCP provides standards for

establishing specific cleanup goals at a particular site, recognizing that each site will have unique

characteristics that must be evaluated and compared to those requirements that apply under the given

circumstances. As described below, CERCLA actions may have to comply with three types of

requirements: chemical-specific, location-specific, and action-specific requirements. Section 4.4

discusses potential chemical- and location-specific ARARs as they appear to apply to OU-3. Potential

action-specific ARARs will be discussed in the FS report for OU-3. The Navy intends to implement the

presumptive remedy, which includes constructing a landfill cap; therefore, many of the ARARs under

consideration by the Navy will be determined by state or federal landfill closure regulations. Appendix E

contains a technical memorandum describing the rationale for using the presumptive remedy at IR Site 1

and the impact of the presumptive remedy on RI activities. The final determination of ARARs will be

made when a remedial action is selected for OU-3 and will be discussed in the OU-3 ROD.

4.3.1 Chemical-Specific ARARs

Chemical-specific ARARs are health- or risk-based numerical values or methodologies that, when applied

to site-specific conditions, result in establishment of remediation goals. These goals establish the

acceptable amount or concentration of a chemical that may be found in, or discharged to, the ambient
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environment. An example of a potential chemical-specific ARAR is an ambient water quality criterion

(AWQC) that is protective of aquatic organisms, and that applies to groundwater discharging to surface

water, under the Clean Water Act. If a chemical has more than one ARAR, the most stringent ARAR will

be applied to any remedial action. When ARARs are not available or are not sufficiently protective of

human health or the environment, remedial goals will be established through a site-specific risk

assessment to ensure that exposure levels are within acceptable limits for the protection of human health

and environmental receptors (see Chapters 5 and 6).

4.3.2 Location-Specific ARARs

Location-specific ARARs are restrictions placed on the concentrations of hazardous substances or the

performance of remedial activities because of the characteristics of the site or its immediate environment.

For example, the location of a site (or a proposed remedial action at that site) in a flood plain, wetland,

historic place, or sensitive ecosystem may trigger location-specific ARARs.

4.3.3 Action-Specific ARARs

Action-specific ARARs are requirements for or limitations on specific potential remedial actions. The

type and nature of these requirements depend on the particular remedial action to be taken at a site, and

thus different actions or technologies are often subject to different action-specific ARARs. An example

of an action-specific ARAR is a restriction on the contaminant discharge levels of an air stripper.

4.4 POTENTIAL CHEMICAL-SPECIFIC AND LOCATION-SPECIFIC ARARs FOR
OPERABLE UNIT 3

As the lead agency under CERCLA at Alameda Point, the Navy is responsible for identifying potential

federal ARARs. The Navy has made a preliminary identification of the potential federal chemical- and

location-specific ARARs for OU-3 by reviewing the EPA interim final guidance documents titled

"CERCLA Compliance with Other Laws Manual: Parts I and II" (EPA 1988b and 1989b). Potential

federal chemical- and location-specific ARARs are identified in Table 4-1.

In accordance with the NCP (40 CFR 300.515(h)(2)), the Navy is also responsible for requesting potential

state requirements from the support agency once site characterization data become available. The state is

responsible for identifying and advising the Navy of potential state ARARs in a timely fashion. For a

state requirement to qualify as an ARAR, the requirement must be (1) a state law, (2) promulgated, (3) a
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substantive requirement, (4) from an environmental or facili.tysiting law, (5) more stringent than the

federal requirement, (6) identified in a timely manner, and (7) consistently applied. Moreover, when

potential state requirements are identified, it is not sufficient :forthe state to provide a general "laundry

list" of statutes and regulations that might be ARARs for a particular site. Instead, the state must provide

a list of requirements with specific citations of the section of law identified as the potential ARAR

together with a brief explanation of why the requirements are considered to be applicable or relevant and

appropriate to the site (NCP Preamble, 55 Federal Register 8666, 8746 [March 8, 1990]).

On October 24, 1994; October 4, 1995; and September 12, 1996, the Navy requested potential state

ARARs from the California Environmental Protection Agency (Cal/EPA) through DTSC, the support

agency for response actions at Alameda Point. In a letter dated November 13, 1996,DTSC responded to

those requests. To date, the Navy has received only a general listing of California statutes and regulations

that may be ARARs for any number of sites at OUs 1 through 4. The list from Cal/EPA is not site-

specific (DTSC 1996a). Additionally, the state has identified environmental laws and regulations that

contain administrative but not substantive requirements (such as 22 CFR § 66264.71), that are not

promulgated (such as preliminary endangerment assessment guidelines), or that apply to off-site actions

(such as discharges to publicly owned treatment works). Furthermore, many of the laws and regulations

identified by the state contain requirements that are action-specific. It is premature to evaluate action-

specific requirements as potential ARARs until the initial screening of remedial alternatives is conducted

during the FS. Accordingly, the Navy has evaluated the state's response and included a preliminary list

of potential state chemical- and location-specific ARARs for OU-3 in Table 4-1.

Table 4-1 is preliminary in nature and presents only potential federal and state chemical- and location-

specific ARARs. This table will be further refined during the FS with the input of the BCT.

4.4.1 Potential Chemical-Specific ARARs

Three media associated with OU-3 may have chemical-specific ARARs: soil, water, and landfill gas.
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4.4.1.1 Soil

Chemical-specific ARARs have been identified for radiation at IR Site 1. Two ARARs and one health-

based cleanup standard TBC have been identified for residual radiation in soil; they are listed in

Table 4-1. The Navy has identified no other chemical-specific ARARs for landfill refuse or soil.

4.4.1.2 Water

The "Water Quality Control Plan, San FranciscoBay Basin" (RWQCB 1995)has classified groundwater

of the East Bay Plain, which includes Alameda Point, as suitable for domestic use. However, the Navy

determined that groundwater in the area of IR Site 1 is not potable. The technical basis for this

determination is summarized in the "Determination of the Beneficial Uses of Groundwater" Technical

Memorandum (TtEMI 1998). Additionally, the San Francisco RWQCB Groundwater Committee has

proposed to de-designate a portion of East Bay Plain groundwater, including OU-3 groundwater, for

municipal use. As of May 1999, the full RWQCB had not acted on and the State Water Resources

Control Board (SWRCB) had not concurred with the de-designation proposal. Because OU-3

groundwater has been determined to be nonpotable, human ingestion and inhalation were not considered

in the baseline risk assessment, and MCLs do not apply.

CERCLA Section 121(d)(2)(A) requires that remedial actions attain AWQC established under Section

304 of the Clean Water Act (33 USC § 1314(a))where such criteria are relevant and appropriate under the

circumstances. At OU-3, groundwater contains several chemicals that have the potential to reach surface

water and impact ecological receptors. Table 4-1 identifies AWQC against which groundwater

concentrations can be evaluated. Also, the Navy has identified the state water quality objectives in Table

3-3 of the Bay Plan as potential ARARs because certain chemicals in OU-3 groundwater have the

potential to reach surface water and impact ecological receptors. These potential state chemical-specific

ARARs are also listed in Table 4-1.

4.4.1.3 Landfill Gas

Landfill gas is composed of primarily methane and contains carbon dioxide and other trace gases. These

gases are generated when organic matter in a landfill decomposes. Methane gas is an explosion hazard.

Federal and state solid waste closure regulations require methane gas emissions to be limited below the

lower explosive limit (LEL) for methane, and 27 "California Code of Regulations" (CCR), Section
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20919.5 requires that concentrations of methane gas at site boundaries not exceed the LEL for methane.

State regulations (27 CCR 20921) also require that concentrations of landfill gas not exceed 1.25 percent,

by volume, in the air within on-site structures and that methane not exceed 5 percent, by volume, in air at

the site boundary. At this time no chemical-specific ARARs exist for carbon dioxide gas at landfills. The

other trace gases are termed nonmethane organic compounds (NMOC). No federal action levels have

been promulgated for NMOC emissions at this time. Therefore, no federal chemical-specific ARARs

exist for NMOC emissions at a landfill site. State chemical-specific ARARs are listed in

Table 4-1.

4.4.2 Potential Location-Specific ARARs

The navy has identified the following potential location-specificARARs.

4.4.2.1 Coastal Zone Management Act

The Coastal Zone Protection Act (16 USC Section 1451 et seq.) requires that all federal activities

affecting the coastal zone be conducted in a manner consistent with approved state management programs

to the maximum extent practicable. For the Bay Area, the local coastal zone management program is

described in the San Francisco Bay Plan enacted pursuant to the McAteer-Petris Act of 1965. The San

Francisco Bay Conservation and Development Commission (BCDC) implements this plan. The Navy

will conduct any remedial actions consistently with these requirements

4.4.2.2 California Fish and Game Code Section 5650

California Fish and Game Code (FGC) Section 5650 is included as a potential ARAR to protect fish,

plant, or bird life that could be affected by remedial actions at IR Site 1.

4.4.2.3 Federal Endangered Species Act of 1973

Substantive requirements of the federal Endangered Species Act of 1973 (16 USC Section 1536[a]) are

included as potential location-specific ARARs because threatened and endangered species, migratory

non-game birds, and mammals are found in OU-3. No endangered, threatened, or other protected species

are known to inhabit the landfill surface. However, threatened and endangered species, including the salt

marsh harvest mouse, may inhabit areas near the landfill.
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4.4.3 Action-Specific ARARs

Action-specific ARARs are technology- or activity-based requirements or limitations for remedial

activities. These requirements are triggered by the particular remedial activities conducted at a site.

Action-specific requirements do not in themselves determine a remedial alternative; rather, they indicate

how a selected alternative should be achieved. Because action-specificARARs depend on the general

response action considered, action-specificARARs for OU-3 will be identified and discussed after

remedial technologies have been screened.
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TABLE 4-1
POTENTIAL ARARs FOR IRSITE 1

ALAMEDA POINT
(Page 1 of 5)

Statutory Citation Regulatory Citation Medium Description ARAR Comments

Classification

Chemical-Specific ARARs

Public Resources Code 27 CCR § 20919.5 Landfillgas Concentrationof methanegas Relevantand appropriate These requirementsare
§§43021 and43103 generatedby facilitymaynot potentiallyapplicable for

exceed LEL at property control of gas generated asa
boundary result of solid waste disposal

activities.

Clean WaterAct Water Establishes surface water Relevantand appropriate Relevant and appropriate for IR
(33 USC § 1314(a)) quality criteria protective of Site 1. Ecological screening

aquatic organisms criteria for aquatic organisms
are provided for surface waters.

2,4-DMP 110 gg/L
(chronic AWQC)
1,2-DCE 590 gg/L
(secondary chronic value
Efroymson and others [1997])

Porter-Cologne Water Water QualityControl Water Establishes beneficial usesof !Relevantand appropriate Potentially relevant and
Quality Act (California Plans for the San groundwater and surfacewater appropriate for any groundwater
Water Code §§ 13240 and Francisco Bay Region and water quality objectives, discharging from Site 1 to
13241) Basin, 1995, Sections 2 surface water

and Table 3-3



TABLE 4-1
POTENTIAL ARARs FOR IRSITE 1

ALAMEDA POINT
(Page 2 of 5)

Statutory Citation Regulatory Citation Medium Description ARAR Comments
Classification

Chemical-Specific ARARs (Continued)

Porter-Cologne Water State Water Resources Water Section III.G of Resolution No. To be considered To be considered for the

Quality Control Act Control Board Amended 92-49 requires discharges to cleanup of contaminated
California Water Code § Resolution No. 92-49: abate the effect of discharge in groundwater at Site 1
13304) "Policies and a manner that promotes

Procedures for attainment of either

Investigation and background water qualityor
Cleanup and Abatement the best water quality that is
under Section 13304of reasonable.
the Water Code"

California State Drinking 26 CCR § 22-64444 Water Establishes MCL for public Relevant and appropriate Relevant and appropriate for
Water Act (California water systems Site 1at an extraction point
Health and Safety Code 8 ,,,h......... n.... _,_rcould be

116365) used for drinking water

Public Resources Code 27 CCR § 20921(a),(b), Landfill gas Establishes that the Relevant and appropriate These requirements are relevant
§§43021 and 43103 and (d) concentration of landfill gas is and appropriate for control of

not to exceed 1.25% by landfill gas generated as a result
volume in air within on-site of solid waste disposal
structures (defined in 27 CCR iactivities.
20931). Concentration of
methane gas migrating from
landfill must not exceed 5%

by volume in air at the facility
property boundary.
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TABLE 4-1
POTENTIAL ARARs FOR IRSITE 1

ALAMEDA POINT

(Page 3 of 5)

Statutory Citation Regulatory Citation Medium Description ARAR Comments

Classification

Chemical-Specific ARARs (Continued)

RadiologicalCriteriafor 10 CFR§ 10.1402 Soil Sets a standardof 25 mrem/yr Relevantandappropriate The Navy will apply this
UnrestrictedUse at level TEDE above background requirement; further
ClosingNRC-Licensed level for average members of a reductions below
Facilities critical group where residual 25 mrem/yr will be

radioactivity has been reduced based on an ALARA
to levels that are ALARA analysis in accordance

with NRC guidelines

Establishment of Cleanup EPA OSWER Soil Presents clarifying guidancefor TBC Guidance provides a
Levels for CERCLA Sites No. 9200.4-18 establishing protective cleanup health-based criterion
with Radioactive levels for radioactive for residual radioactivity
Contamination TBC contamination at CERCLA at Site !

sites; recommends the
maximum dose limit for humans
at 15 mrem/yr

Health and Environmental 40 CFR § 192.12(a) Soil Establishes cleanup criteria for Relevant and appropriate The Navy is selecting
Protection Standards for radium-226 averaged over 100 the health-based 5 pCi/g
Uranium and Thorium Mill square meters not to exceed the standard for surface
Tailings !background level by more than soils (15 cm soil depth)

5 pCi/g averaged over the first at Site 1; requirement is
15 centimeters of soil depth relevant and appropriate

for residual radioactivity
in soils at Site 1



TABLE 4-1
POTENTIAL ARARs FOR IR SITE 1

ALAMEDA POINT
(Page 4 of 5)

Statutory Citation Regulatory Citation Medium Description ARAR Comments
Classification

Chemical-Specific ARARs _Continued)

Military Munitions Rule 40 CFR Part 266, UXO Classifies discardedinert Applicable Applicable to Site 1
Subpart M ordnance material as solid waste because UXO is present

and live ordnance as hazardous near the former Pistol
Range Area

Department of Defense DOD 6055.9-STD, UXO Specifies clearance depth of Applicable Applicable to areas of
Ammunition and Chapter 12 UXO to maintain public safety Site 1found to contain
Explosives Safety UXO during a sweep
Standards

Location-Specific ARARs

CoastalZone Management 15 CFR Part930 Landfill Requiresfederalagenciesto Relevantandappropriate Activities at the landfill
Act (16 USC contents conductactivitiesaffectingthe may affect land or water
1 _ _ I "_ _.,-_•4..,,(_)(,)(Ajj and coastalzone consistent with _useor ,,,_u,,d resources
McAteer-Petris Act approved state management of the coastal zone.
(Government Code Section programs, to the maximum
66600 and these that extent practicable. The state
follow) management program for San

Francisco Bay is described in
the BCDC San Francisco Bay
Plan, enacted pursuant to the
McAteer-Petris Act of 1965.

Endangered Species 16 USC § 1531 et seq. Conserves endangered or Applicable Both endangered and
!threatenedspecies and critical threatened species to use
habitats Site 1
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TABLE 4-1

POTENTIAL ARARs FOR IRSITE 1
ALAMEDA POINT

(Page 5 of 5)

Statutory Citation Regulatory Citation Medium Description ARAR Comments

Classification

Location-Specific ARARs (Continued

Protectionof California FishandGameCode Water Prohibitspermittingsubstance Applicable Applicable if
Wildlife § 5650 or materialdeleterious to fish, contaminated

_lant life, or bird life to pass groundwater is entering
into waters of the state waters of the state and is

deleterious to fish,
plants, and bird life

Notes:

Requirementslistedin thistableareARARsonlyto the extentthattheycontainsubstantive(notadministrative)requirements.
ARAR Applicableor relevantandappropriaterequirement NRC NuclearRegulatoryCommission
ALARA As low as reasonably achievable OSWER ,_,Lfi_ o, ouhu **,t_tca.u Emergency Response

CCR California Code of Regulations pCi/g picoCurie/gram

CERCLA Comprehensive Environmental Response, TBC To be considered

Compensation, and Liability Act TEDE Total effective dose equivalent

CFR Code of Federal Regulations USC United States Code

DOD Department of Defense UXO Unexploded ordnance

mrem!yr millirem/year WQC Water quality criteria
MCL Maximum contaminant level



CHAPTER 5

RISK ASSESSMENT AND FATE AND TRANSPORT MODELING METHODOLOGIES

This section presents the human health risk assessment (HHRA) and ecological risk assessment (ERA)

methodologies for the OU-3 RI. Risk assessment results for OU-3 are discussed in Chapter 6.

5.1 HUMAN HEALTH RISK ASSESSMENT

The HHRA was conducted aspart of the RI under the Comprehensive Long-term Environmental Action

Navy (CLEAN) program for environmental restoration of naval facilities. The organization of the HHRA

and the methodology used to evaluate human health risks are in accordance with EPA's "Risk

Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual, Part A"

(EPA 1989a).

Two sets of risk calculations are presented in this report because of technical differences between EPA

Headquarters (EPA HQ), EPA Region 9, and DTSC. The technical differences involve toxicity reference

values, the dermal risk assessment, and exposure pathways. The two sets of risk calculations are based on

the following assumptions:

• Assumptions based on EPA guidance (referred to as the "Navy assumptions" in this
report)

• Assumptions based on DTSC guidance (referred to as the "DTSC assumptions" in this
report)

Agreement could not be reached among the agencies on the presentation of one set of risk assessment

values, but the use of both sets of risk assessment values will provide supplemental information for risk

management decisions. Both risk assessments are technically valid and provide pertinent information to

risk management decisions. The two sets of risk assessment values for EPA and DTSC are shown in

Table 5-1.

This RI report considers both sets of risk assessment values i:nterms of making risk management

decisions. All chemical risk drivers that exceed a 1.0 x 10-6c,arcinogenic risk or a noncarcinogenic hazard

index (HI) of 1 are detailed in Chapter 6 and addressed in the risk management discussion and

conclusions. The differences between the risk assessment values are outlined on a chemical specific
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basis. Chemicals that pose a risk comparable to the risk from background concentrations of metals and

PAHs are typically not identified as target chemicals for the FS. Additionally, site-specific conditions, ,_r

the nature and extent of site contamination, and the ecological considerations were assessed when risk

management decisions were made.

The conclusions in this RI report are based on both sets of risk assessment values, chemical risk drivers,

ecological risk drivers, site conditions, and input from risk managers.

This section describes the purpose of the HHRA; summarizes the identification of COCs, exposure

assessment, toxicity assessment, and uncertainty factors; and summarizes the HHRA results. A

comprehensive HHRA report for IR Site 1 is included as Appendix C to this RI report.

5.1.1 Purpose

The purpose of the HHRA was to evaluate potential site-specific human health risks associated with

exposure to chemicals detected at Alameda Point. Risk was quantified for each IR site based on sampling

and analytical data previously collected. Risk information presented in the RI report will be used

throughout the RI/FS process to make risk management decisions. This discussion presents the

framework under which the HHRA was conducted for IR Site 1 in OU-3 at Alameda Point and

summarizes the results.

The HHRA conducted for IR Site 1 estimates potential current and hypothetical future human health risks

associated with possible exposure to site-related chemicals. The HHRA was conducted using current

chemical concentrations and site conditions to estimate those future exposures. Risk estimates developed

in the HHRA will subsequently be used to determine the type of mitigation activities needed for

corrective action or remediation.

The principal objective of the HHRA was to provide adequate information to support an informed risk

management decision regarding the need for remedial action and selection of the most appropriate

remedial alternatives, where needed, for Alameda Point. Human health risks were evaluated with regard

to exposure to chemicals detected in all pertinent environmental media.

In an effort to expedite the RI/FS process and streamline the HHRA review and comment process, DTSC,

RWQCB, and EPA Region 9 policy positions were incorporated into the risk assessment. Exposure
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assumptions used to estimate chemical intake were based on information presented in the following

documents:

* "Region 9 Preliminary Remediation Goals (PRGs)" (EPA 1998a)

• "Exposure Factors Handbook, Volumes 1-3." (EPA 1997a)

• "Human Health Evaluation Manual, Supplemental Guidance: Draft Standard Default
Exposure Factors" (EPA 1991c)

• "Risk Assessment Guidance for Superfund, Volume I: Human Health Evaluation Manual
(Part B, Development of Risk-based Preliminary Remediation Goals)." (EPA 1991a)

• "Superfund's Standard Default Exposure Factors for the Central Tendency and
Reasonable Maximum Exposure" (EPA 1993b)

• "Supplemental Guidance for Human Health Multimedia Risk Assessments of Hazardous
Waste Sites and Permitted Facilities" (DTSC 1992a and 1992b)

• "'Dermal Exposure Assessment: Principles and Applications" (EPA 1992a)

Information on chemical toxicity was obtained from the following sources:

• Integrated Risk Information System (IRIS) Chemical Files (EPA 1998b)

• Health Effects Assessment SummaryTables (HEAST), Annual Update for Fiscal Year
1995(EPA 1995a)

• California Office of Environmental Health Hazard Assessment, Criteria for Carcinogens
(Cal/EPA 1994b)

Although EPA HQ has developed HHRA guidance that is health-protective, EPA Region 9 and DTSC

have developed specific methodologies and exposure assumptions for conducting HHRAs. The

differences in the two approaches have been incorporated in this report to the extent practicable. The

DTSC approach and results are presented separately. The results labeled "Navy" represent use of EPA

HQ guidance with incorporation of EPA Region 9 methodologies.

Based on the risk assessmentparadigm presented in EPA guidance (1989a), the HHRA for IR Site 1

consists of the five following components:
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• Identification of COCs

• Exposure assessment
• Toxicity assessment

• Uncertainty
• HHRA results

These components are detailed in the following subsections. Land uses discussed in Chapter 2 were

employed to guide the selection of receptors.

5.1.2 Identification of Chemicals of Concern

COCs are defined as chemicals that are potentially site-related and potentially toxic and whose data are of

sufficient quality for use in a risk assessment. Evaluating site-specific data was the first step in

quantifying risks and identifying potential hazards at each site. Soil and groundwater sampling data were

collected within and near the IR sites through several sampling efforts. These data, collected from 1990

to 1996, were used to characterize the sites. In general, the data were collected and analyzed in

accordance with EPA's CLP procedures, and detection limits (sample quantitation limits [SQL]) were

sufficiently low to permit identification of potential health risks. Most data were validated with respect to

laboratory blanks and QC samples, and qualifiers were assigned by independent validators. Field data

and screening level data were not used in the HHRA to estimate health risks and His. For this reason,

data collected as part of the EBS were excluded from the HHRA for the RI. Data quality assessment is

described in detail in Section 3 of this report. Site-specific data evaluation with regard to the HHRA is

described in Appendix C.

COCs were selected for surface soil at IR Site 1. Subsurface ..soilis not considered to be an exposure

medium at IR Site 1 because under the landfill presumptive remedy, the integrity of the cap must be

maintained, thereby ensuring that excavation and exposure to subsurface soil will not occur. Exposure to

groundwater through ingestion or other domestic uses was not evaluated because IR Site 1 is a landfill

and a groundwater pumping well cannot be installed through the landfill cap. However, VOCs present in

groundwater may migrate from the FWBZ through the vadose zone to the ambient air, providing an

exposure pathway to human receptors through inhalation. Likewise, groundwater may be pumped from a

location upgradient of IR Site 1 and used for irrigation. These exposure scenarios were evaluated in this

RI report to determine whether any human health COCs were present in groundwater.
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Groundwater migration is toward the bay, and therefore contaminants could migrate into the bay and

bioaccumulate through the food chain to potentially be consumed by humans. Fish in San Francisco Bay

have historically been caught and eaten by humans. Because fish caught in the bay are typically

migratory and do not live and feed exclusively in one area, however, contaminants detected in fish tissues

would be difficult to link to a discrete source or IR Site 1. Furthermore, a RWQCB study, indicates that

ingestion of fish caught in the bay can result in adverse health effects. Signs prohibiting fishing are

posted at the shoreline oflR Site 1. In addition, the Office of'Environmental Health and Hazard

Assessment of Cal/EPA has published health advisories warriing that high levels of contaminants may be

present in fish in San Francisco Bay. In view of these factors, fish ingestion is assumed to pose a health

risk, but one that cannot be readily related to activities at Alameda Point; therefore, consumption of fish

was not evaluated in the HHRA. A summary of relevant studies describing the potential adverse health

effects associated with ingestion of fish caught in the bay is presented in Appendix C.

For the purposes of the IR Site 1 HHRA, the IR site boundary was used to define the exposure unit size.

The data summaries for IR Site 1 are presented in Appendix (2. Soil data for IR Site 1 were aggregated in

depth intervals of 0 to 2 feet bgs and used for estimating exposure concentrations. The data summaries

provide the arithmetic mean and 95 UCL of the arithmetic mean concentrations for every chemical

detected at least once in soil. The probability density function (PDF) was determined for each chemical

using detected values only; if the chemical was detected fewer than five times, a PDF could not be

determined. One-half the SQL was used as a proxy value for nondetected results during calculation of

descriptive statistics (for example, the mean, 95 UCL, and standard deviation).

Following the data summarization, COCs for soil were selected based on screening criteria recommended

in EPA guidance (EPA 1989a). These criteria are essential nutrient status, frequency of detection, and

comparison to background concentrations. Figure 5-1 presents a flowchart describing the COC selection

process used for OU-3.

The essential human nutrients eliminated as COCs based on EPA guidance are calcium, iron, magnesium,

potassium, and sodium (EPA 1989a). Even if these chemicals are present at concentrations above

naturally occurring levels, they were eliminated as COCs because they are toxic at only very high doses.

In fact, toxicity values for these chemicals have not been developed.

A frequency of detection criterion was used because chemicals detected infrequently may be sampling

and analytical artifacts or may be associated with spurious data (EPA 1989a). Such chemicals can be
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eliminated as COCs if there is no reason to believe that the chemicals may be present as a result of site-

related activities. A detection frequency limit of 5 percent is conventionally used as a benchmark for

elimination. This criterion required evaluating the chemicals based on historical site use, concentration,

toxicity, mobility, persistence, and bioaccumulation. Therefore, any chemical considered for elimination

using this criterion was also screened against one-tenth of its EPA Region 9 PRG (EPA 1998a) to

determine whether it would potentially pose a risk to human health. Chemicals were eliminated as COCs

only if they were detected at a low frequency and their maximum concentration was below the EPA

Region 9 PRG for residential land use. In general, concentrations of chemicals eliminated using the

frequency of detection criterion were far below one-tenth of the PRGs; usually they were one-hundredth

to one-thousandth of the PRGs. The cumulative risks and His associated with eliminated chemicals were

also generally below one-tenth of the PRGs. No effect on the,HHRA results would have been observed

had these chemicals been retained as COCs.

The background comparison used for Alameda Point consists of a toolbox approach that includes a "hot

spot" comparison as well as parametric and nonparametric tests of means for inorganic chemicals. Figure

5-2 presents a flowchart outlining the statistical toolbox approach used for Alameda Point; details of the

statistical methodology are presented in the "Final Statistical Methodology for Background Comparisons"

(PRC 1997a). The tests of means were conducted at a significance level of 0.95 (alpha = 0.05) and a

power of 0.90 (beta = 0.10), which exceed minimum EPA recommendations (EPA 1990a). The statistical

tests were conducted for soils in the 0- to 10-foot depth interval in order to be consistent with the

approach used for the background data set and other IR sites and to ensure that sufficient data were

available to support statistical calculations. Results were used for the 0- to 2-foot depth interval. A hot

spot evaluation was conducted for each inorganic chemical using a methodology recommended by DTSC

(PRC 1997a). The 80 LCL/95 was calculated for each inorganic analyte in the background data set. If

the calculated 80 LCL/95 exceeded the maximum detected background concentration for a chemical, the

maximum detected value was used for the comparison. The maximum detected concentration of each

inorganic chemical in the 0- to 2-foot depth interval at IR Site 1 was compared to the 80 LCL/95

concentration of the background data. Hot spots were identified by those samples that had concentrations

above the 80 LCL/95 threshold value. The results of this hot spot comparison, together with the results of

the statistical tests of means, were used to determine whether an inorganic chemical was present at a

concentration exceeding background and was a COC.
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The results of the soil COC selection process for IR Site 1 are summarized in Table 5-2. The table lists

all detected chemicals, the results of the COC selection process, and the reasons for some chemicals'
exclusion as COCs.

Potential risk from groundwater was evaluated through two exposure pathways: (1) inhalation of volatile

VOCs which have migrated from the FWBZ into the ambient air and (2) inhalation of VOCs released

during irrigation.

Under the first exposure scenario, COCs were selected using the following general guidelines. First,

because the exposure pathway assumed chemicals would migrate from the FWBZ through the vadose

zone into the ambient air, only VOCs were considered as COCs. Second, using the complete set of

groundwater results (see Appendix I for complete groundwater results), the VOCs were evaluated for

frequency of detection and maximum detected concentration. Chemicals detected less than 5 percent of

the time and for which the maximum detected concentration was less than 10percent of the EPA

Region 9 tap water PRG were eliminated as COCs. Based on this process, 12 COCs were identified for

consideration under the first potential exposure scenario: benzene, chlorobenzene, chloroform,

1,2-dichlorobenzene, 1,3-dichlorobenzene, 1,4-dichlorobenzene, 1,1-dichloroethene(DCE), 1,2-DCE

(total), toluene, trichloroethene, vinyl chloride, and xylenes.

Under the second exposure scenario, four chemicals were identified as COCs: benzene;

1,2-dichloroethene (total); trichloroethene; and vinyl chloride'. These VOCs were selected as COCs for

three primary reasons: (1) they were found at the highest concentrations within the FWBZ beneath IR Site

1; (2) VOCs are generally the most mobile class of chemicals detected in groundwater in the FWBZ and

therefore would be expected to migrate most quickly and to be found at the highest concentrations in

wells outside the groundwater plume; and (3) all the selected VOCs except 1,2-dichloroethene(total) are

considered to be potential carcinogens (EPA 1998a). Details of the COC selection process are presented

in Appendix C.

5.1.3 Exposure Assessment

An exposure assessment includes an evaluation of potential human receptors that could contact site-

related chemicals, as well as routes, magnitude, frequency, and duration of exposure. An evaluation of

all possible human exposures is necessary to identify receptors that are in current contact with or that

could contact Alameda Point environmental media in the future. The principal objective of this
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evaluation is to identify exposures that represent reasonable maximum exposure (RME) and average

exposure (AVG) scenarios at Alameda Point (EPA 1992a). The concept of reasonable scenarios underlies

the RME concept developed by EPA. As defined by EPA (1989a), the RME is the maximum exposure

that is reasonably expected to occur at a site. It should be emphasized, however, that the RME exposure

is for the same receptor and that, before risks are calculated, it must be determined whether "it is likely

that the same individual would consistently face the "reasonable maximum exposure (RME)" (EPA

1989a, emphasis not added).

It is also important that intake variable values for each RME exposure pathway be "selected so that the

combination of all intake variables results in an estimate of the reasonable maximum exposure for that

pathway" (EPA 1989a). In other words, the most conservative intake variables for each parameter for a

given pathway are not used exclusively. A combination of average and upper-bound values should be

combined to estimate exposures that are meaningful and represent the actual RME for the site.

The exposure assessment for IR Site 1 included the following steps:

• Characterizationof the exposure settings and identification of potential future human
receptors

• Identification of exposure pathways and exposure routes

• Estimation of exposure point concentrations

• Quantification of chemical intake for pathway-specific exposures for each potential
receptor

In accordance with EPA guidance (1989a), all complete exposure pathways were selected for evaluation
unless:

• Exposure from the pathway is likely to be much less than that from another pathway
involving the same medium of the same exposure point

• The potential magnitude of exposure from a pathway is likely to be very low

• The probability of the exposure occurring is very low and the risks associated with the
pathway are low
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5.1.3.1 Exposure Setting and Potential Receptors

Accordingto EPA (1989a), the first step in evaluatingcurrentor potentialfuturechemicalexposures is an

evaluationof the physical characteristicsof the site, suchas climate,vegetation,soil type, andhydrology

of surfacewater andgroundwaterthatare pertinentto the risk assessment. At IR Site 1 surfacesoil,

volatilizationof constituentsfrom groundwaterbeneaththe landfill, andgroundwaterpumped froma

theoreticalwell locatedupgradientof IR Site 1, arethe media of concern. Groundwaterdirectlybeneath

a landfill cannotbe used fordrinkingwater(EPA 1993b),and subsurfacesoil exposuresare unlikely

because any excavationwould breach the integrity of the currentsoil cover andanyfuture landfillcap

(EPA 1993b). IR Site 1 was closedandcoveredwith soil in 1956. Surfacewaterandsedimentare not

containedwithin the site boundaries.

No consistent exposure scenarios currently exist for the IR sites at Alameda Point. Some security

personnel patrol the installation and some administrative and maintenance personnel remain at the

installation. Occasional recreational activities at the installation may consist ofjogging, walking, and

picnicking, but these activities do not occur at the IR sites. Although it is not associated with IR sites,

residential housing is located in the northeastern corner of the',installation. Some buildings at Alameda

Point are leased for occupational use. These general exposure scenarios cover the range of current

exposure scenarios at Alameda Point. Because the future exposure scenarios associated with Alameda

Point involve a greater extent and duration of exposure and represent the only uses of the IR sites, only

future exposure parameters were used to evaluate risks associated with these scenarios (that is, only future

exposure scenarios were evaluated).

Occupational and recreational exposures are the most reasonable exposure scenarios for the future land

uses at IR Site 1. ARRA has designated the IR Site 1 landfill for recreational reuse (specifically, as a golf

course), and the surrounding area has been designated for recreational and occupational reuse. The

categories specified in the reuse plan for park and open space areas include neighborhood parks,

community parks, open space, greenways, and trails as well as wildlife habitat areas (ARRA 1996). The

projected occupational reuses listed under the "Northwest Territories" in the reuse plan specified by the

ARRA include international trade and commerce, incidental storage and maintenance facilities,

warehousing, light industry, office and commercial space, and meeting and conference facilities.

Therefore, IR Site 1 was evaluated for activities that would occur in a neighborhood community park

(which would be more frequently used than a fee-for-entry park), occupational activities such as

maintenance of the park, and light industrial activities.
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Residential and construction worker exposures were not evaluatedbecause these scenarios are improbable

at a landfill, especially one designated for reuse as a recreational area. DTSC generally requires that a

residential scenario be evaluated; however, future land uses at IR Site 1 are known to be nonresidential,

and zoning will prohibit housing development at the landfill. Therefore, only occupational and

recreational exposures were evaluated for IR Site 1.

5.1.3.2 Identification of Exposure Pathways and Exposure Routes

All relevant exposure pathways for IR Site 1 were evaluated under future occupational and recreational

exposure scenarios. According to EPA guidance (1989a), an ,exposurepathway consists of four elements:

• A source and mechanism of chemical release

• A retention or transport medium (or media in cases involving transfer of chemicals)

• A point of potential human contact with the contaminated medium (referred to as the
exposure point)

• An exposure route (such as ingestion) at the contact point

Eliminating any of these elements (except in a case where the source itself is the point of exposure)

results in an incomplete exposure pathway. Therefore, if no receptors exist who would contact the source

or transport medium, the pathway is incomplete and is not evaluated.

Routes of potential exposure associated with occupational (excluding construction workers) and

recreational exposure at IR Site 1 are the following: incidental soil ingestion; dermal contact with soil;

inhalation of particulates; inhalation of chemicals volatilized from surface soil; external exposure to

radionuclides; and inhalation of vapors from groundwater through (1) direct migration from the FWBZ

through the vadose zone to ambient air, and (2) release to ambient air during irrigation. The evaluation of

the groundwater exposure pathways was performed at a screening level. Because the pathways are based

on future exposures, they are considered to be potentially complete and were evaluated to provide a

conservative estimate of risk. Not all of these pathways may be complete for all receptors in the future.

Figure 5-3 presents a conceptual site model that indicates which exposure pathways are complete for each

potential receptor. Table 5-3 summarizes the exposure scenarios and pathways evaluated at IR Site 1.
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5.1.3.3 Estimation of Exposure Point Concentrations

Exposure point concentrationsforchemicalsin surfacesoil were estimatedfor IR Site 1 using the IRP

database. DQOs were evaluatedfordatausability,anditwas determinedthatdatafrom differentIRP

samplingefforts could be combined. Airborneparticulateconcentrationswere estimatedusing a

particulateemission factor (PEF)recommendedby DTSC (DTSC 1994). For soil, a samplingdepth

intervalof 0 to 2 feet wasused for recreationalandoccupationalexposureassessments. The soil data

representingthe most currentsite conditionswere usedto estimateexposurepointconcentrations.

For surface soil, descriptive statistics were calculated for all chemicals detected. The PDFs and either the

arithmetic or geometric mean were determined for inorganic chemicals in soil, and the arithmetic mean

was determined for organic chemicals. In accordance with EPA guidance (EPA 1992b), the 95 UCL of

the arithmetic mean was calculated and used as the exposure point concentration in the HHRA to estimate

chemical intakes. The 95 UCL of the arithmetic mean is defined as a value that, when calculated

repeatedly for randomly drawn subsets of site data, equals or exceeds the true mean 95 percent of the time

(1992b). The 95 UCL is a better predictor of actual chronic exposure conditions because it is based on

the probability of long-term, random contact with contaminated areas. However, in areas where the 95

UCL exceeded the maximum chemical concentration, the maximum concentration was used as the

exposure point concentration.

In contrast to surface soil, groundwater exposure pathways were evaluated on a screening-level basis.

Therefore, quantification of exposure point concentrations was performed differently than for soil.

Specifically, evaluation of potential exposure through inhalation of VOCs migrating from the FWBZ,

through the vadose zone to the ambient air was performed by comparing risk-based screening levels

(RBSL) to maximum detected groundwater concentrations. For the purposes of evaluating potential

exposure through inhalation of VOCs released during irrigation, COC exposure point concentrations were

estimated on the basis of groundwater modeling (see Attachments 5 and 6 to Appendix C).

5.1.3.4 Quantification of Chemical Intake for Pathway-Specific Exposures for Each
Potential Receptor

Chemicalintakerateswere estimatedfor all completeexposurepathwaysbasedon the exposure point

concentrations and the estimated magnitude of exposure to surface soil. Exposure is based on "intake,"

which is defined as the mass of a substance taken into the body per unit of body weight per unit of time.

Intake from a contaminated medium is determined by the amount of the chemical in the medium, the
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frequency and duration of exposure, body weight, the contact rate, and the averaging time. Following is a

generic algorithm used to calculate chemical intake:

I = CxCRxEFxED
BW x AT

where
I = Intake (milligram per kilogram body weight per day [mgikg-day])

C = Chemical concentration in contaminated medium (mg/kg or milligram per liter
[mg/L])

CR = Contact or ingestion rate (milligrams of soil per day or liters per day)

EF = Exposure frequency; how often exposure occurs (days per year)

ED = Exposure duration; how long exposure occurs (years)

BW = Body weight (kilograms)

AT = Averaging time; period over which exposure is averaged (days)

Chemical intake via ingestion and inhalation is quantified as an administered dose. However, chemical

intake via dermal exposure is estimated as an absorbed dose. Dermal contact equations have additional

exposure parameters involving adherence and absorption factors. Adherence factors indicate the amount

of soil that adheres to the skin. Absorption factors reflect desorption of a chemical from soil and

absorption of the chemical across the skin. Because of differences in EPA and DTSC guidance, separate

calculations were made for each set of absorption factors. Dermal absorption factors from the

"Preliminary Endangerment Assessment (PEA) Manual" (DTSC 1994)were used for DTSC dermal

exposure estimates. For the Navy dermal exposure assessment, the dermal absorption factors were the

same as those presented in EPA Region 9 guidance (EPA 1998a). At the request of EPA Region 9, EPA

dermal absorption factors were used in conjunction with toxicity values that had not been adjusted for

gastrointestinal absorption, despite EPA HQ guidance to the contrary (EPA 1989a and 1998b). Dermal

absorption factors employed in the assessment of dermal intake using EPA and DTSC methodologies are

presented in Appendix C.

The general equation presented above is also used for assessing intakes of radionuclides, except that body

weight and averaging time are not used. Additionally, dermal exposures are not assessed for

radionuclides; instead, external exposure is evaluated using a gamma-shielding factor, but this evaluation

does not rely on exposed dermal surface area or absorption factors.
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As previously noted, EPA guidance (1992b) requires that exposure parameters used to determine

'_I_' contaminant intakes for a given pathway be selected so that the estimated intake represents the AVG and

RME. Site-specific and EPA default values for exposure parameters were used in the Alameda Point

HHRA. The intake equations and exposure parameters that were used to estimate chemical intake

associated with exposure to IR Site 1 for recreational and occtlpational receptors are presented in

Appendix C. Both RME and AVG intakes were calculated for these future receptors. The results of these

calculations are presented in Appendix C.

Site-specific exposure parameters for recreational receptors were drawn from several sources. Current

site access and potential land use were evaluated in selecting exposure factors. Parameters for

recreational receptors were selected from the "Exposure Factors Handbook" (EPA 1997a) and DTSC

guidance (1994), and were based on the types of activities expected to occur in open space areas planned

for IR Site 1. Use of site-specific recreational parameters ensured that calculated risks and His are "an

•estimate of reasonable maximum exposure" as specified in EPA guidance (1989a). Activity patterns for

recreational receptors were based on site-specific information and the assumption that the recreational

activities will be related to a community park. A community park is assumed to be used more frequently

by the same people than a regional or national park, given a community park's proximity to homes and

offices.

Inhalation of particulates and volatile chemicals from soil via ambient air was evaluated for both

receptors. For IR Site 1, it was assumed that all time was spent outdoors because building is prohibited

on top of a landfill. Ambient outdoor air concentrations of particulates and volatilized chemicals from

surface soil were used as exposure concentrations for the inhalation exposure pathways.

Potential exposures to COCs in groundwater were assumed to occur through two exposure pathways.

The first exposure pathway assumes that groundwater pumped from a well located upgradient of IR Site 1

is used to irrigate a golf course constructed at the site. Golf course irrigation practices in the Bay Area

are briefly discussed below.

Irrigation of Bay Area golf courses generally occurs by means of one or more of three options. The first

option involves pumping groundwater straight from the aquifer. The second option involves pumping

groundwater from the aquifer into a tank system. The third option involves pumping groundwater from

the aquifer into on-site ponds and then drawing irrigation water from these ponds. There is a potential for
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dermal exposure in the ponds as a result of accidents and maintenance activities. Irrigation of Bay Area

golf courses occurs almost exclusively at night when no potential receptors are present (TtEMI 1999a).

Based on discussions with Bay Area golf course groundskeepers and superintendents, newer golf courses

generally either (1) pump groundwater directly from an aquifer into an irrigation system or (2) pump

water (either groundwater or water delivered to the golf course from another source) into a system of

holding tanks from which irrigation water is drawn (TtEMI 1999a). For the purposes of the OU-3

HHRA, irrigation was assumed to occur under the first scenario. Potential exposure was assumed to

occur primarily through inhalation of vapors generated during irrigation. Attachment 5 to Appendix C

describes the procedures used to estimate VOC emissions and breathing zone concentrations during spray

irrigation. Table C.5.4-9 in Appendix C presents the intake equation and exposure parameters that were

used to estimate chemical intakes associated with exposure to vapors generated during spray irrigation.

The second potential groundwater exposure pathway assumes that receptors at IR Site 1 may be exposed

through inhalation of VOCs that have migrated from the FWBZ through the vadose zone to ambient air

above the site. The potential for this type of migration was estimated using chemical-specific

groundwater to ambient air volatilization factors (VFwamb).The VFwamb values were generated using a

method recommended by the American Society for Testing and Materials (ASTM) (1997). Table C.5.4-

10 in Appendix C presents the non-chemical-specific parameter values and Table C.5.4-11 in Appendix C

presents the chemical-specific parameter values used to calculate chemical-specific VFwambvalues.

Chemical-specific VFwambvalues are presented in Table C.5.4-12.

The estimated chemical-specific VFwamb values and chemical-specific EPA Region 9 ambient air PRGs

(EPA 1998a) were then used to back-calculate chemical-specific RBSLs in groundwater in accordance

with the ASTM-recommended method (ASTM 1997). Specifically, the ASTM method assumes

inhalation of vapors through residential exposures. Therefore, this method produces more conservative

(lower) RBSLs than would be produced if occupational or recreational exposures were assumed (as is the

case for the rest of the HHRA). The comparison of IR Site 1 groundwater concentrations to chemical-

specific RBSLs is discussed in Section C.7 of Appendix C.

5.1.4 Toxicity Assessment

The toxicity assessment focused on those chemicals selected as COCs for IR Site 1,that is, those

chemicals that pose the greatest potential threat to human health. Standard methodologies for assessing
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the toxicity of chemicals involve quantifying the dose-response relationships for adverse human health

effects associated with exposure to specific chemicals. For carcinogenic health effects, carcinogenic

slope factors (CSF) are used to estimate the incremental lifetime cancer risk (ILCR) corresponding to

chemical intake. CSFs correspond to specific routes of exposure. The potential for noncarcinogenic

adverse health effects for oral exposures is typically evaluated by comparing estimated daily intakes with

reference doses (RID), which represent daily intakes at which no adverse health effects are expected to

occur. Reference concentrations (RfC) present the same information for inhalation exposures; RfUs are

typically converted to units of mg/kg-day and are called inhalation RIDs for the purposes of HI

calculations.

Qualitative and quantitative toxicity values and EPA- and DTSC-derived toxicity values were gathered

for all Alameda Point COCs. Detailed toxicity profiles were prepared for each COC. Sources of the

toxicity values include IRIS (EPA 1998b), HEAST (EPA 1995a), the California Office of Environmental

Health Hazard Assessment (Cal/EPA 1994b), and the Superfund Technical Support Center (STSC)

(1998). IRIS is a computerized EPA database containing verified toxicity values and up-to-date human

health toxicological and EPA regulatory information for most commonly used chemicals. HEAST is a

source of non-verified, provisional toxicity information that was used when toxicity information was not

available from IRIS. STSC provides provisional toxicity information on a chemical-specific basis when

values are not available from either IRIS or HEAST. STSC, a department of EPA's Environmental

Criteria and Assessment Office (ECAO), was contacted for information on any chemical lacking a

toxicity value from IRIS or HEAST, in accordance with EPA guidance (EPA 1998a). All available

information was used in the risk assessment. The CSFs are summarized in Table 5-4, and the

noncarcinogenic toxicity values are summarized in Table 5-5. Sections 5.1.4.1 through 5.1.4.4 present

toxicity information for carcinogenic and noncarcinogenic chemicals, radionuclides, and lead.

5.1.4.1 Carcinogenic Chemicals

The following information is presented in Appendix C for the carcinogenic COCs:

• Current CSFs from EPA and DTSC databases

• Weight-of-evidence classifications

• Types of cancer (for Class A carcinogens)

Toxicity equivalency factors (TEF) for PAHs obtained from EPA and DTSC were used to adjust toxicity

values for these chemicals relative to benzo(a)pyrene.
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5.1.4.2 Noncarcinogenic Chemicals

Thefollowinginformationwasgatheredfromall availablesourcesandispresentedin AppendixC forall

noncarcinogenicCOCs:

• Current RfDs and RfCs and the toxicological bases for these values
• Overall databases and critical studies upon Whichthe toxicity values are based
• Target organs and uncertainty factors
• Possible biochemical mechanisms of toxicity

5.1.4.3 Radionuclides

Radionuclide toxicity is assessed differently from non-radioactive chemicals. EPA classifies all

radionuclides as known human carcinogens (Class A). CSFs for radionuclides (radionuclide slope

factors, RSF) are available from EPA guidance (1995b) for ingestion, inhalation, and external exposures.

The ingestion and inhalation slope factors "are central estimates in a linear model of the age-averaged,

lifetime attributable radiation cancer incidence (fatal and nonfatal cancer) risk per unit of activity

[picocuries, pCi] inhaled or ingested" (EPA 1995b). Unlike CSFs, ingestion and inhalation RSFs are not

expressed as a function of body weight and time, because of the methodology used to estimate RSFs. The

ingestion and inhalation RSFs are expressed in units of risk per pCi (risk/pCi). External exposure RSFs

are "central estimates of lifetime attributable radiation cancer incidence risk for each year of exposure to

external radiation from photon-emitting radionuclides distributed uniformly in a thick layer of soil, and

are expressed as risk per year per pCi/g soil" (EPA 1995b). The RSFs can be used to estimate lifetime

cancer risks for members of the general population as a result:of radionuclide exposure (EPA 1995a).

The RSFs used in the HHRA include an adjustment for in growth of daughter products, which is the more

conservative approach.

In addition to risk calculation, a dose assessment was performed for radium 226 and radium 228. The

dose assessment was conducted in accordance with risk assessment guidance (EPA 1989a) and using

"Federal Guidance Report 11: Limiting Values of Radionuclide Intake and Air Concentration and Dose

Conversion Factors for Inhalation, Submersion, and Ingestion" (EPA 1988d). Federal Guidance Report is

based on the "1987 Federal Radiation Protection Guidance" and is aimed more at occupational exposures

than general population exposures. The program RESRAD was used to calculate dose from exposure to

radium (U. S. Department of Energy [DOE] 1990).
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The dose conversion factors (DCF) presented in Federal Guidance Report 11convert the intake of a

radionuclide (expressed in terms ofpCi per year [pCi/yr]) to an effective dose equivalent (EDE)

expressed in terms of millirem per year (mrem/yr). The EDE is the sum of all doses to all organs of the

body from some concentration of radionuclides for 50 years following intake.

The intake of each isotope was calculated using the RME parameters for the risk assessment. For the

occupational receptor, the RME parameters were 250 days per year (days/yr), 8 hours per day; an

inhalation rate of 0.83 cubic meter per hour (m3/hr); and a soil ingestion rate of 50 milligrams per day

(mg/day). For the recreational receptor, the RME parameters were 242 days/yr, 2.5 hours per day; an

inhalation rate of 1.25 m3/hr; and an ingestion rate of 16 mg/day (based on 100 mg/day for 2.5 hours). For

external exposures, the unitless ratios of hours exposed to hours per day and days exposed to days/yr were

added to the equation. For example, an occupational worker is exposed 8 of 24 hours (a ratio of 0.3) and

250 days of 365 days/yr (a ratio of 0.68).

The results of the dose assessment are described in terms ofmrem/yr. Results were compared to EPA's

acceptable levels of 15mrem/yr EDE and the typical cleanup,requirements for sites with radium, which

are 5 pCi/g above background for surface soil (0 to 15 centimeters bgs) and 15pCi/g above background

for deeper soils (EPA 1997b). In addition, the RESRAD program calculates a risk corresponding to the

dose. Both the dose and risk were calculated using time=0 year to time=l,000 years. The results are

presented in Appendix C, and complete printouts from the RESRAD program are in an attachment to

Appendix C.

5.1.4.4 Lead Assessment

Lead was selected as a soil COC at IR Site 1. Risks and His were not calculated for lead in the same

manner as for other COCs because EPA and Cal/EPA have developed a physiologically based modeling

approach to evaluate the intake and subsequent blood lead levels of receptors based on residential

exposure to soil and groundwater. Cal/EPA's lead model estimates the percentage of children and adults

whose blood lead levels would exceed acceptable limits as a result of exposure to a specific concentration

of lead.

EPA uses 400 mg/kg of lead in soil as a screening value (EPA 1998a). Cal/EPA uses 130 mg/kg of lead

as a screening value for residential exposure (EPA 1998a). For occupational exposures, both EPA and

Cal/EPA recommend a screening concentration of 1,000mg&g of lead. However, because recreational
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exposure involves children as well as adults, Cal/EPA's lead model was used to assess lead exposures at

IR Site 1 even though the 95 UCL concentration did not exceed 1,000 mg/kg. Lead levels detected in

soils during the pistol range investigation were not used in the risk assessment because the lead data did

not meet DQOs for the HHRA.

5.1.5 Uncertainty

Varying degrees of uncertainty are associated with each stage of the HHRA, as a result of the assumptions

made in the risk assessment and the limitations of the data used to calculate risk estimates. Uncertainty

and variability are inherent in the exposure assessment, toxicity values, and risk characterization. EPA

guidance (1989a) states the following:

There are several categories of uncertainties associated with site risk assessments. One is the
initial selection of substances_usedto characterize exposures and risk on the basis of the sampling
data and available toxicity information. Other sources of uncertainty are inherent in the toxicity
values for each substance used to characterize risk. Additional uncertainties are inherent in the

exposure assessment for individual substances and individual exposures. These uncertainties are
usually driven by uncertainty in the chemical monitoring data and the models used to estimate
exposure concentrations in the absence of monitoring data, but can also be driven by population
intake parameters. Finally, additional uncertainties are incorporated in the risk assessment when
exposure to several substances across multiple pathways are summed.

EPA guidance defines uncertainty as a "lack of knowledge about specific factors, parameters or models"

including "parameter uncertainty (measurement errors, sampling errors, and systematic errors), model

uncertainty (uncertainty due to necessary simplification of real-world processes, mis-specification of the

model structure, model misuse, use of inappropriate surrogate variables), and scenario uncertainty

(descriptive errors, aggregation errors, errors in professional judgment, incomplete analysis)" (EPA

1997c). Variability is defined as "observed differences attributable to true heterogeneity or diversity in a

population or exposure parameter" (EPA 1997c). Variability is the result of natural random processes,

such as variations in body weight, breathing rate, and water drinking rate. Variability cannot be reduced

by further study but may be better characterized through further measurement.

For IR Site 1, the selection of substances for inclusion in the risk assessment was quite conservative. The

only chemicals not quantitatively evaluated in the risk assessment (1)were essential nutrients, (2) were

detected at concentrations below background levels (inorganic chemicals only), or (3) were infrequently

detected and were present at concentrations below one-tenth of the EPA Region 9 PRGs. It is unlikely

that chemicals eliminated from the risk assessment were site-related or would pose a significant health
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risk. The uncertainty related to this component of the risk assessment likely resulted in an overestimation

of risk because of inclusion of chemicals that are not site-related. Also, no decrease in chemical

concentrations over time was assumed to occur. This also resulted in a more conservative risk estimate.

Tentatively identified compounds (TIC) are another source of uncertainty in risk assessments. TICs are

reported from VOC and SVOC analyses performed on environmental samples using GC/MS. TICs are

non-target compounds that the data quantitation software identifies through comparison of the

compounds' mass spectra to known mass spectra stored in a standardized National Institute of Standards

and Technology (NIST) mass spectral database or "library." The "library search" identifies a non-target

compound (1) by a specific compound name such as "cyclohexane," (2) by a chemical class such as

"alkyl aromatic hydrocarbon," or (3) as an "unknown." According to EPA guidance (1989a), "the

assigned identity is in most cases highly uncertain."

TICs in Alameda Point samples were frequently identified as belonging to classes of compounds

associated with petroleum hydrocarbons or as unknowns. It is not possible to quantify a risk for a

chemical that is only broadly identified by chemical class or as an unknown. Therefore, TICs were not

included in the COC selection process. Given the large number of target analytes identified in the RI

samples collected at Alameda Point, however, the effect of TICs on the outcome of the risk assessment

would likely have been insignificant.

Uncertainties associated with the toxicity values used in the HHRA involve the following matters:

• Unknown differences between humans and laboratory animals with regard to absorption,
distribution, metabolism, and excretion, which can greatly affect toxicity values

• The validity and quality of scientific studies that form the basis of EPA-derived and
DTSC-derived toxicity values

• Statistical models used to extrapolate a range from high to low doses in animals during
development of toxicity values

• The basic underlying assumption in the dose-response model for carcinogens that there is
no threshold involved in the pathogenesis of cancer

• Routine use of the 95 UCL of the CSF

In general, toxicity values are developed to be protective of sensitive receptors and are likely to

overestimate the chemical's toxicity. Toxicity values have not been developed for all chemicals,
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however; for chemicals lacking toxicity values, risk or His may be underestimated. Toxicity values may

not be available for a variety of reasons. For example, a chemical may not have been studied; studies

conducted were inconclusive; or the chemical has been studied only as part of a mixture, and no

chemical-specific information was generated. In each case, the lack of a toxicity value is likely to cause

an underestimation of risk. The magnitude of the underestimation is unknown because the lack of a

toxicity value indicates a lack of reliable toxicity information. Also, in the HHRA approach, toxicity

values were used to assess risks from dermal exposure without adjustment for gastrointestinal absorption

efficiency. This may have resulted in an underestimation of risk, the magnitude of which is inversely

proportional to the gastrointestinal absorption of the chemical involved. In the HHRA,

benzo(g,h,i)perylene and phenanthrene were the only COCs that lacked toxicity values.

An exposure assessment relies on current and predicted future uses of land and the parameters available to

estimate the magnitude and duration of exposures associated with the land uses. In many cases, the land

uses are known; however, the range of exposure parameters available may lead to a wide range of risk

estimates. In the HHRA, the reuse plan developed by ARRA was used to select future potential receptors

as well as occupational and recreational exposure scenarios for the IR Site 1 area. The exposure

parameters selected to represent RMEs for the receptors assumed almost daily exposure for 25 to 30

years. These were very conservative assumptions because the area will not require daily occupational

attention for 8 hours per day and is unlikely to be used by the same people for recreational purposes on a

near-daily basis for several hours.

Variability and uncertainty are also related to exposure parameters used in the risk assessment.

Variability in exposure duration and frequency as well as in breathing rates, soil ingestion rates, and

amount of dermal contact with soil can be substantial. In the HHRA, the RMEs and AVGs were

characterized for each receptor. Use of default RME parameters, however, led to a compounding of

conservative assumptions that likely overestimated risk. The default RME parameters were selected to be

representative of the 95th percentile of exposure or higher for each exposure pathway. For the

occupational RME, for example, a person was assumed to be exposed to the site 8 hours per day, 250

days per year for 25 years. The AVG parameters represented the average or median exposures for each

scenario. These values, particularly those for exposure frequency and duration, may be more

representative of expected exposures. It is important to note that many different combinations of

exposure parameters will result in risk estimates between the I_VIEand AVG risks presented herein.
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To calculate total risks and His, the chemical-specific risks for each exposure pathway were summed.

According to EPA guidance (EPA 1989a), "uncertainties associated with summing risks or hazard indices

for several substances are of particular concern in the risk characterization step. The assumption of dose

additivity ignores possible synergisms or antagonisms among chemicals, and assumes similarity in

mechanisms of action and metabolism. Unfortunately, data to assess interactions quantitatively are

lacking." EPA guidance recommends summing the risks and His to avoid underestimating the cancer risk

or potential noncarcinogenic health effects at a site, despite the concerns stated above. Summing the

risks and His may have resulted in overestimations because mechanisms of action and metabolism were

assumed to be similar and because potential antagonistic effects were ignored. Also, total risks and His

may have been underestimated because potential synergistic effects were ignored.

Overall, RME risks and His estimated in the HHRA are conservative estimates and are more likely to

have overestimated risks than to have underestimated them. The RME and AVG estimates presented

herein are single-value results intended to reflect a potential range of values. However, rarely do single-

point estimates accurately represent actual exposures, and much information on variability is lost by using

single-point estimates of exposure rather than distributions. As stated in DTSC guidance, "uncertainty

and variability in the movement of the chemical across the environment as well as the nature of the

_€ potential human exposures mean that the risk is more accurately characterized by a range or distribution"

(DTSC 1995). When decisions are made based on risk estimates, the range of risks should be considered

(EPA 1992b and 1995b).

5.1.6 Human Health Risk Assessment Results

The results of the HHRA are discussed in Section 6.7.1 and Appendix C of this report.

5.2 ECOLOGICAL RISK ASSESSMENT

This sectionsummarizes the methodology used for the IR Site 1 ERA. The methods used are consistent

with (1) the requirements for a scoping assessment described in DTSC guidance (DTSC 1996aand

1996b) and (2) those of a screening-level risk assessment, as described in EPA Superfund guidance (EPA

1997a). First, habitats (including both terrestrial and aquatic habitats in San Francisco Bay) and biota that

may be affected by contaminants detected at IR Site 1 were identified through review of site-specific

literature and data during site reconnaissance visits in June 1995and June 1997. Second, a conceptual

site model was developed to identify potentially complete exposure pathways (Figure 5-4). Third,
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ecological chemicals of potential concern (ecological COPC) were identified by comparing data for site

samples to ecological reference values. Forth, an ecological risk evaluation was conducted to determine

whether exposures to ecological COPCs present at IR Site 1 had the potential to cause adverse effects on

ecological receptors. The results of the ERA are presented in Chapter 6. The four steps used to conduct

the ERA are discussed in greater detail below.

5.2.1 Identification of Habitats and Biota

Terrestrial habitat types and plant and animal species (potential ecological receptors) at Alameda Point

were identified during site reconnaissance visits and site-specific literature reviews. The following

reports were consulted:

• "Alameda Naval Air Station'sNatural Resources and Base Closure" (Golden Gate
Audubon Society [GGAS] 1994)

• "Final Environmental ImpactStatement - Candidate Base Closures/Realignment, San
Francisco Bay Area" (Navy 1990a)

• "Natural Resources Management Plan, Naval Air Station, Alameda, California" (Navy
1988)

• "Final Environmental Impact Statement: Home Porting Battleship Battle Group/Cruiser
Destroyer Group" (Environmental Science Associates [ESA] 1987)

• "Results of Wetland Survey of Runway 25 Apron Margin, Alameda Point" (Navy 1994b)

• "Naval Air Station Alameda, WET Analysis" (The Habitat Restoration Group [HRG]
1993)

• "Planting Plan: Recreational Vehicle Campground" (Navy 1992)

• "Planting Plan: Landscape Parking Lot #40" (Navy 1990c)

• "Planting Plan: Waterfront Park Picnic Area" (Navy 1989)

• "Planting Plan: Waterfront Park, Fuel Tank Area" (Navy no date)

• "Planting Plan: Entrance Mall Repair at Main Gate" (Navy no date)

A detailed reconnaissance of IR Site 1 was conducted in June 1995and June 1997to augment

information drawn from these reports. The protocol developed by the EPA Region 9 Biological

Technical Advisory Group (BTAG) (RWQCB no date) and presented in the site reconnaissance work
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plan (PRC 1995) was used during the site reconnaissance visits. The weather conditions during the site

reconnaissance visits were good, with mostly clear skies, approximate daytime temperatures of 75 to 80

degrees Fahrenheit (°F), approximate night-time temperatures of 50 to 55 °F, and wind speeds of

approximately 10 to 15 miles per hour. Terrestrial habitats were delineated, and the dominant vegetation

was identified. Habitat types identified at IR Site 1 are shown in Figure 2-17. The literature used to

identify terrestrial plant species during the site reconnaissance included the following: The Jepson

Manual (Hickman 1993), Manual of Flowering Plants of California (Jepson 1925), Terrestrial

Vegetation of California (Barbour 1988), A Field Guide to P,?lcif!c States Wildflowers (Niehaus and

Ripper 1976), and The Grower's Weed Identification Handbook (University of California 1988). The

literature used to identify terrestrial animal species included the following: Field Guide to Birds of North

America (National Geographic Society [NGS] 1987); Mammals of the Pacific States: California,

Oregon, Washington (Ingles 1965); and Animal Tracks (Murie 1974). The results of the plant and animal

surveys completed for IR Site 1 are summarized in Table 5-6.

5.2.2 Identification of Potentially Complete Exposure Pathways

Because IR Site 1 is a landfill, the conceptual site model for the ERA included potential contaminant

_, sources in the terrestrial soil and groundwater. Terrestrial soil was not evaluated in this ERA because the

site is to be capped as part of the presumptive remedy. A quantitative risk assessment for terrestrial

organisms was not necessary because (1) there is very limited habitat at the landfill, (2) the basis for

remedial action has been established, (3) the containment presumptive remedy will address all terrestrial

exposure pathways identified by the conceptual site model, and (4) cleanup levels will be determined by

landfill closure requirements (ARARs). Accordingly, the presumptive remedy permits elimination of a

terrestrial ERA to streamline the RI (EPA 1993b and 1996c).

Based on the presumptive remedy, the following assumptions were made: (1) a remedial action will

occur, (2) the remedial action will include installation of a cap, and (3) ecological receptors will be

protected because a cap eliminates complete exposure pathways to terrestrial organisms.

The decision to eliminate a terrestrial ERA is further supported by DTSC guidance (DTSC 1996a and

1996b) that states the following:

It may not be necessary to conduct an assessment beyond the Scoping Phase if either of the
following conditions are met:
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1. The scoping assessment demonstrates that both the site and areas actually or
potentially impacted by the site are not significantly utilized by biota and do not
contain significant wildlife habitats, or

2. There are no actual or potentially complete exposure pathways.

Shallow groundwater (the FWBZ) contacts surface water of San Francisco Bay, and potential effects on

aquatic ecological receptors were evaluated in the ERA. Constituents in the SWBZ were not evaluated in

the ERA based on the following reasoning. Groundwater under IR Site 1 generally flows to the west and

north toward San Francisco Bay and the Oakland Inner Harbor. Shallow groundwater in the FWBZ

contacts the waters of San Francisco Bay west of IR Site 1 or the Oakland Inner Harbor. It is in these

bay waters that aquatic biota would potentially be exposed to contaminants in groundwater. SWBZ

groundwater (generally at depths greater than 40 feet) would contact the bay at significantly greater

distances from the shoreline than would FWBZ groundwater. Assuming that groundwater emerges from

bottom sediments at approximately the same depth as they occur at the site, the lateral distance that

chemicals would potentially travel before emerging in surface waters can be estimated. Over the distance

that these chemicals would migrate, physical factors such as dilution, attenuation, and degradation would

reduce the concentrations and toxicity of the chemicals. Organic chemicals that adsorb strongly to

sediments may move only a few feet before they are degraded, while highly soluble compounds could

migrate hundreds of feet per year. The distance from the we:stern shore of IR Site 1 to the 40-foot depth

contour exceeds 1.6 miles at the northern shoreline and 1 mile at the southern shoreline. The Oakland

Inner Harbor channel north of the site has been dredged to a controlling depth of 34 feet (Entrix Inc.

1997) and is proposed to be dredged to a depth of 50 feet. The channel may intercept SWBZ

groundwater north of the site, in which case groundwater would emerge in surface water at points 150 to

870 yards north of IR Site 1. These points are far enough offshore that chemical concentrations would be

reduced to below water quality criteria by dilution, adsorption, and attenuation.

5.2.3 Identification of Chemicals of Potential Ecological Concern

This section describes the methodology used to identify ecological COPCs. Ecological COPCs are

defined as chemicals that are potentially site-related, and potentially toxic and whose data are of sufficient

quality for use in a risk assessment. Evaluating site-specific data is the first step in quantifying risks and

identifying potential hazards at a site. Groundwater data were collected within and near IR Site 1 by

means of sampling events conducted between 1990 and 1998. In some cases, there was a clear difference

between the frequency of detection in the 1991 and 1992data and in the 1993 through 1998 data. In

these cases, the more recent data were considered to be of higher quality based on improvements in
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analytical methods, lower detection limits, and implementation of QA/QC validation when the later data

either confirmed or contradicted the 1991 and 1992 data. In some cases, detection limits were not low

enough to determine whether criteria may have been exceeded, particularly when chemical analyses were

complicated by matrix interference. The ERA is therefore based on 1993 through 1998 data, which are

the most recent data that reflect current site conditions.

An ecological screening was initially conducted only for shoreline wells at IR Site 1 (defined as

monitoring wells locatedwithin 100 feet of the bay). Results ,ofthis screening indicated that a

groundwater hot spot was located in the vicinity of wells M028-A, M028-E, and M034-A. Groundwater

wells used in the initial ERA were therefore re-evaluated, and it was determined that data for all wells

within or downgradient from the landfill would be used in the ERA. Wells were classified as lying in

"Area A" (outside the groundwater hot spot) or "Area B" (within the groundwater hot spot) to be

evaluated separately in the ERA. Area A wells include M001.-A,MOOI-E, M002-A, M027-A, M027-E,

M029-A, M029-E, M033-A, and M035-A. Area B wells include M028-A, M028-E, and M034-A.

Ecological COPCs in FWBZ groundwater were identified for Areas A and B by comparing

concentrations of chemicals detected in groundwater samples to the screening criteria described in the

following subsections. Results of the groundwater ecological COPC selection process for IR Site I are

_, presented in Tables 5-7a and 5-7b.

Essential Nutrients

Chemicals that are essential nutrients for humans, including calcium, iron, magnesium, potassium, and

sodium, were removed from consideration as ecological COPCs. Although they are not necessarily

essential nutrients for biota, these chemicals are toxic only at very high doses. Toxicity values have not

been developed for most of these chemicals.

Frequency of Detection

In some risk assessments chemicals with less than 5 percent frequency of detection are eliminated from

consideration, because they may be sampling artifacts or may not contribute significantly to the overall

risk from a site. In this ERA, however, no chemicals were removed from consideration based on their

frequency of detection, even though some analytical results were reported that indicated high chemical

concentrations without apparent explanation. For example, nickel was detected in one sample from a

single well at 66.9 micrograms per liter (_tg/L),while all other samples from the same well had no
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detectable nickel. Under frequency of detection criterion, this chemical would probably be eliminated

from consideration as an outlier or artifact. For the ERA; however, all chemicals reported above

detection limits were compared to reference criteria to determine ecological COPCs.

Background Comparison

Concentrations of inorganic chemicals (metals and salts) in groundwaterwere compared to background

concentrations of these chemicals identified at Alameda Point, (see Section 5.1.2). Inorganic chemicals

detected in groundwater at IR Site 1 at concentrations below background levels were eliminated as

ecological COPCs. Background samples were not analyzed for organic chemicals, and therefore no

organic chemicals were removed from consideration as ecological COPCs as a result of background

comparisons.

Comparison of Maximum Concentrations to the Ambient Water Quality Criteria

The maximum concentrations of chemicals detected in groundwater were compared to EPA National

Ambient Water Quality Criteria (AWQC) for Saltwater Aquatic Life Protection (4-day average

continuous concentration) (EPA 1997d and RWQCB 1998b).

5.2.4 Ecological Risk Evaluation

Groundwater ecological COPC concentrations at IR Site 1 were evaluated to determine ecological COCs

for IR Site 1 using a tiered process. The process involved comparing analytical results to reference

criteria in a progressive manner. The process was intended to make comparisons based on most

conservative estimates with the fewest uncertainties first and then to sequentially compare data with

progressively more uncertainties to reference criteria. In this manner, the most conservative criteria were

considered first, and in the absence of such criteria, various secondary criteria were used in the manner

described below and presented in Figure 5-5:

1. The National Oceanic and Atmospheric Administration (NOAA) has stated that it is
appropriate to compare groundwater concentrations to the AWQCs when available.
NOAA has specified that it is the practice of the Coastal Resource Coordination Branch
of NOAA to compare concentrations to "10 times the applicable AWQC for screening"
(NOAA 1999). NOAA further indicates that a site specific dilution factor can be
calculated if warranted. This does not represent official government policy, but it is a
practice consistent with professional standards of the science. Therefore, the maximum
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concentration of a chemical detected in groundwater was divided by 10 to estimate the
resulting concentration after groundwater dilution factors (transport through the
subsurface and mixing with the surface water) were taken into account. If the maximum
concentration of a chemical in groundwater divided by 10was less than the AWQC, the
contaminant was not considered to be an ecological COC, and was not further assessed in
terms of its for potential to cause ecological risk.

2. For each chemical whose maximum concentration divided by 10 exceeded the AWQC, a
95 UCL was calculated using one-half the detection limit. This 95 UCL represented the
mean highest concentration of the chemical to which an organism would likely be
exposed because organisms are mobile and are unlikely to be exposed to a single point-
source concentration of a chemical. This 95 UCL value divided by 10was compared to
the AWQC values, and the chemical was not considered to be an ecological COC if the
concentration was less than the reference criterion.

3. For those contaminants that passed through the first two screening steps and those
contaminants lacking AWQCs, the 95 UCL concentration or the maximum detected
concentration (whichever is less) divided by 10 was used to develop a hazard quotient
(HQ) value. This HQ value is developed by dividing 10percent of the chemical
concentration by the AWQC value or a secondary threshold reference value derived
from professional literature, such as the guidance prepared by Oak Ridge National
Laboratories (Suter and Tsao 1996,Efroymson and others 1997), to provide a relative
evaluation of potential risk.

4. In the absence of AWQCs, or secondary reference values, chemicals were compared to
reference values calculated from acute lowest observed effect levels (LOEL) in the
published literature, primarilyin a compilation prepared by RWQCB (1998b). A
reference value was calculated by dividing the LOEL by 10to estimate a likely chronic
LOEL and by 10 again to convert from a chronic LOEL to a chronic no observed effect
level (NOEL). This methodology is roughly equivalent to that proposed by DTSC
(1996b) for terrestrial receptors and is widely used. Such reference values had the
greatest uncertainty associated with them and were used only when no superior reference
values were available.

The AWQCs, secondary reference values, and LOELs are listed in Tables 6-31a and 6-31b. These tables

cite references for each secondary screening value to indicate the source and interpretation of the

secondary reference value.

The ERA results for IR Site 1 are discussed in Chapter 6.
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TABLE 5-1
EPA AND DTSC CANCER SLOPEFACTORS

HUMAN HEALTH RISK ASSESSMENT
ALAMEDA POINT

Chemical DTSC DATABASE (1994) EPA DATABASE (CURRENT)
Oral CSF Inhalation CSF Oral CSF Inhalation CSF

(mg/kg-day)l (mg/kg-day)1 (mg/kg-day)"1 (mg/kg-day)"1
Berylliuma 7 7 NA 8.4

(Updated1998)
Chromiumb 0.42 510 NA 42

(Updated1998)
Benzene 0.1 0.1 0.029 0.029

PolychlorinatedBiphenyls 7.7 7.7 2.0 0.4
(Updated1997)

Benzo(a)pyrene 12 3.9 7.3 Not determined
(Updated 1998)

Benzo(b)fluoranthene 1.2 0.39 0.73 Not determined
(Updated 1998)

Chlordane 1.2 1.2 0.35 0.35
(Updated 1997)

Notes:

aBerylliumis considered to be a carcinogen via ingestion in the DTSC database and is notconsidered to be a carcinogen by ingestion in the EPA
database.
ball chromiumdetected at OU-3 sites is assumed to be the carcinogenic, hexavalent form,which is a very conservative assumption.

CSF - Cancer Slope Factor
DTSC - California Departmentof Toxic Substances Control
EPA - U.S. Environmental ProtectionAgency
HHRA - Human health risk assessment

mg/kg-day - Milligram per kilogram per day
NA - Not Applicable
OU - Operable Unit



TABLE5-2
SOILCOCsLIST

(0-TO 2-FOOTDEPTHINTERVAL)
SITE 1

ALAMEDAPOINT
(Page1 of 2)

Chemical [ COC? [ Reason for Exclusion
.Inorganic Chemicals
Aluminum Yes None

,Antimony Yes None
Arsenic No Below Background
Barium Yes None

Beryllium Yes None
Cadmium Yes None
Calcium No Essential Nutrient
Chromium Yes None

Cobalt No Below Background
Copper Yes None
Iron No Essential Nutrient
Lead Yes None

Magnesium No Essential Nutrient
Manganese Yes None

Mercury Yes None
Nickel Yes None
Potassium No Essential Nutrient

Selenium No Low Frequency of Detection
Silver Yes None
Sodium No Essential Nutrient

Thallium No Low Frequency of Detection
Titanium No Below Background
Vanadium Yes None
Zinc Yes None

Polychlorinated Biphenyis

Aroclor- 1254 t Yes t NoneAroclor-1260 Yes None
Pesticides/Herbicides

alpha-Chlordane No Low Frequency of Detection
gamma-Chlordane No Low Frequency of Detection
DDD Yes None
DDE Yes None
DDT Yes None

Dieldrin No Low Frequency of Detection
Yes None

Radionuelides

Radium-226 I Yes [ NoneRadium-228 Yes None



TABLE 5-2

SOIL COCs LIST _'

(0- TO 2-FOOT DEPTH INTERVAL)
SITE 1

ALAMEDAPOINT
(Page 2 of 2)

Chemical [ COC? I Reason for Exclusion
Semivolatile Organic Compounds
Acenaphthene Yes None
Anthracene Yes None
Benzo(a)anthracene Yes None
Benzo(a)pyrene Yes None
Benzo(b)fluoranthene Yes None
Benzo(g,h,i)perylene Yes None
Benzo(k)fluoranthene Yes None
Bis(2-ethylhexyl)phthalate Yes None
Burylbenzylphthalate No Low Frequencyof Detection
Carbazole Yes None

Chrysene Yes None
Di-n-butylphthalate No Low Frequency of Detection
Dibenzo(a,h)anthracene Yes None

Dibenzofuran No Low Frequency of Detection
Fluoranthene Yes None

Fluorene No Low Frequency of Detection
Indeno(1,2,3-c,d)pyrene Yes None
2-Methylnaphthalene No Low Frequency of Detection
Naphthalene No Low Frequency of Detection
n-Nitroso-diphenylamine No Low Frequency of Detection
Phenanthrene Yes None

Pyrene Yes None
Volatile Organic Compound
Acetone I Yes I None

Notes:
COC Chemical of Concern

4,4'-DDD - Dichlorodiphenyldichloroethane
4,4'-DDE - Dichlorodiphenyldichloroethylene
4,4'-DDT- Dichlorodiphenyltrichloroethane



TABLE 5-3
SUMMARY OF EXPOSURE SCENARIOS AND PATHWAYS

_1_ SITE 1
ALAMEDA POINT

SITE 1 OCCUPATIONAL/ RECREATIONAL PROJECTED REUSE
INDUSTRIAL

InsideBoundary X X Recreational/OpenSpace

Notes:

Occupational/Industrial = IncidentalSoil Ingestion
DermalContactwith Soil
Inhalationof Particulatesfrom Soil in Ambient Air
Inhalationof Vapors from Soil in AmbientAir
ExternalExposureto Radionuclides

Recreational = IncidentalSoil Ingestion
Dermal Contact with Soil
Inhalation of Particulates from Soil in Ambient Air
Inhalation of Vapors from Soil in Ambient Air
External Exposure to Radionuclides



TABLE 5-4
"TOXICITY ASSESSMENT

CSFs
ALAMEDA POINT

(Page 1 of 3)

Chemical Carcinogenic CSFo CSFi Critical Effect Source
classification (mg/kg-day)-_ (mg/kg-day)"I

Inorganic Chemicals

Arsenic A 1.5 50 (12) Multiplecancers EPA 1998b

Beryllium B2 ND (7) 8.4 (7) Lung tumors EPA 1998b
Cadmium B1 ND 6.3 (15) Lung cancer EPA 1998b
Chromium A ND (0.42) 42 (510) Lung cancer EPA 1998b
Nickel A ND 0.84 (0.91) Lung and nasal tumors EPA 1998b
Polychlorinated Biphenyls

Aroclor-1248 B2 RME = 2 (7.7); 0.4 (7.7) Liver tumors EPA 1998b
Average = I
(7.7)

Aroclor-1254 B2 RME = 2 (7.7); 0.4 (7.7) Liver tumors EPA 1998b
Average = 1
(7.7)

Aroc!or-1260 B2 R_ME= 2 (7.7); 0.4 (7.7) Liver tumors EPA 1998b
Average = 1
(7.7)

Pesticides and Herbicides

alpha-Chlordane B2 0.35 (1.2) 0.35 (1.2) Hepatocellular carcinoma EPA 1998b
Aldrin B2 17 17 Liver tumors EPA 1998b

4,4'-DDD B2 0.24 ND (0.24) Liver tumors EPA 1998b
4,4'-DDE B2 0.34 0.34a (0.24) Liver and lung tumors EPA 1998b
4,4'-DDT B2 0.34 0.34 Liver tumors EPA 1998b
Dieldrin B2 16 16 Tumorigenic potential EPA 1998b

g-Chlordane B2 0.35 (1.2) 0.35 (1.2) Hepatocellular carcinoma EPA 1998
Heptachlor B2 4.5 (5.7) 4.5 (5.7) Liver carcinoma EPA 1998b



TABLE 5-4
TOXICITY ASSESSMENT

CSFs
ALAMEDA POINT

(Page 2 of 3)

Chemical Carcinogenic CSFo CSFi Critical Effect Source
classification (mg/kg-day)"_ (mg/kg-day)"1

Semivolatile Organic Compounds

2,4-Dinitrotoluene C ND (0.31) ND (0.31) Cal/EPA 1994
Benzo(a)anthracene B2 0.73 (1.2) ND (0.39 Multiple cancers EPA 1998b
Benzo(a)pyrene B2 :7.3 (12) ND (3.9) Multiple cancers EPA 1998b
Benzo(b)fluoranthene B2 0.73 (1.2) ND (0.39) Multiple cancers EPA 1998b
Benzo(k)fluoranthene B2 0.073 (0.12) ND (0.039) Multiple cancers EPA 1998b
Bis(2-ethylhexyl)phthalate B2 0.014 (0.0084) ND (0.0084) Liver tumors EPA 1998b
Bis(2-chloroethyl)ether B2 1.1 (2.5) 1.155 (2.5) Carcinogenicity in laboratory EPA 1998b

animals

Carbazole B2 0.02 ND Multiple cancers EPA 1998b
Chloromethane C 0.013 0.0063 Kidney tumors EPA 1995
Chrysene B2 0.0073 (0.012) ND (0.0039) Multiple cancers EPA 1998b
Dibenzo(a,h)anthracene B2 7.3 (12) ND (3.9) Multiple cancers EPA 1998b
!ndeno(!,2,3-c,d)pyrene B2 0.73 (1.2) ND (0.39) Multiple cancers EPA 1998b
_l-Nitroso-di-n-propylamine B2 7 7a (7) Increased tumor incidence EPA 1998b
Pentachlorophenol B2 0.12 (0.018) 0.12 a (0.018) Tumorigenic potential EPA 1998b
Volatile Organic Compounds

1,1-Dichloroethane C ND (0.0057) ND (0.0057) Adenocarcinomas and EPA 1998b
hemangiosarcomas

1,2-Dichloroethane C 0.091 (0.07) 0.091 (0.07) Adenocarcinomas and EPA 1998b
hemanl_iosarcomas

1,1-Dichloroethene C 0.6 (ND) !0.18 (ND) Tumor induction EPA 1998b
1,4-Dichlorobenzene D ND (0.04) ND (0.04) Hepatocellular adenoma and Cal/EPA 1994

carcinoma of adrenal gland
:l,2-Dichloropropane ND ND (0.063) ND (0.063) Hepatocellular adenoma and Cal/EPA 1994

carcinoma

Benzene A 0.029 (0.1) 0.029 (0.1) Leukemia EPA 1998b

Chloroform B2 0.061 (0.031) 0.081 (0.019) Tumorigenic potential EPA 1998b

( ( (



TABLE 5-4
TOXICITY ASSESSMENT

CSFs
ALAMEDAPOINT

(Page 3 of 3)

Chemical Carcinogenic CSFo CSFI Critical Effect Source
classification (mg/kg-day) 4 (mg/kg-day) "1

Volatile Organic Compounds (Continued)

Ethylene Dibromide B2 85 0.77 Increased tumor incidence EPA 1998b
Tetrachloroethene B2-C 0.052 (0.051) 0.002 (0.021) Liver tumors SHRTSC 1994
Trichloroethene B2-C 0.011 (0.015) 0.006 (0.01) Liver tumors SHRTSC 1994

Vinyl Chloride A 1.9 (0.27) 0.3 (0.27) Liver tumors EPA 1995
Notes:

CSFs from Cal/EPA and DTSC are shown in parentheses where they differ from EPA values.

a The toxicity value for the inhalation pathway was route-to-route extrapolated from the oral toxicity value without adjustment at the direction of the EPA
Region 9 toxicologist. This is not an EPA-promulgated toxicity value and does not account for route of exposure, pharmacokinetic, or physiological
considerations.
ND - not determined

Cal/EPA California Environmental Protection Agency

CSF Carcinogenic Slope Factor
4,4'-DDD Dichlorodiphenyldichloroethane
4,4 '-DDE Dichlorodiphenyldichloroethylene
4,4'-DDT Dichlorodiphenyltrichloroethane
EPA U.S. Environmental Protection Agency
mg/kg-day Milligram per kilogram per day

RME Reasonable maximum exposure

SHRTSC Superfund Health Risk Technical Support Center

WEIGHT OF EVIDENCE CLASSIFICATION SYSTEM FOR CARCINOGENITY (EPA 1989a):
A Human Carcinogen

B1 Probable human carcinogen (limited human data is available)

B2 Probable human carcinogen (sufficient evidence in animals and inadequate or no evidence in humans)

C - Possible human carcinogen

D - Not classifiable as to human carcinogenicity

E - Evidence of noncarcinogenicity for humans



TABLE 5-5
TOXICITY ASSESSMENT

NONCARCINOGENIC TOXICITY VALUES
ALAMEDA POINT

(Page 1 of 5)

Chemical RfDo (mg/kg- Uncertaint IRFDi Uncertainty Critical Effect Source
day) 7 Factor I(mg/kg-day)Factor

Inorganic Chemicals

Aluminum 1 100 ND ND Neurotoxicity SHRTSC 1994
Antimony 0.0004 1,000 ND ND Increased mortality and altered EPA 1998b

blood chemistry
Arsenic 0.0003 3 ND ND Hyperpigmetation, keratosis, and EPA 1998b

vascular changes
Barium 0.07 3 ND ND Increased blood pressure and EPA 1998

increased kidney weight
Beryllium 0.002 300 0.006 10 Intestinal lesions and sensitization EPA 1998
Cadmium 0.001 (food) 10 ND ND Significant proteinuria EPA 1998b

0.0005 (water)
Chromium 0.005 500 ND ND No observed adverse effects level EPA 1998b
Cobalt 0.06 ND 10.00029 ND EPA 1996
Copper 0.037 ND ND ND Based on maximum contaminant EPA 1995

level for water

Cyanide (free) 0.02 100 ND ND Weight loss, thyroid effects, and EPA 1998b
myelin degeneration

Lead ND ND ND ND ND ND

Manganese 0.14 1 0.000014 1,000 CNS effects and neurological EPA 1998b
impairments

Mercury 0.0003 1,000 _D ND Autoimmune effects EPA 1995
Molybdenum 0.005 30 ND ND Increased uric acid levels EPA 1998b
Nickel 0.02 300 ND ND Decreased body weight and organ EPA 1998b

weights
Selenium 0.005 3 ND ND Clinical selenosis EPA 1998b

Thallium 8.0E-05 3,000 ND ND Alopecia, increased serum GOT EPA 1998b
and serum LDH

Titanium ND ND _ID ND ND ND
Vanadium 0.007 100 ND ND No observed adverse effects level EPA 1995
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TABLE 5-5
TOXICITY ASSESSMENT

NONCARCINOGENIC TOXICITY VALUES
ALAMEDA POINT

(Page 2 of 5)

Chemical RfDo(mg/kg- Uncertaint RFDl Uncertainty Critical Effect Source
day) y Factor (mg/kg-day) Factor

Inorganic Chemicals
(Continued)
Zinc 0.3 3 ND ND Red blood cell changes (decreases EPA 1998b

in erythrocyte superoxide
dismutase)

PolychlorinatedBiphenyls
Aroclor- 1248 ND ND ND ND ND ND

Aroclor-1254 0.00002 300 ND ND Ocular effects; antibody effects and EPA 1998b
distorted growth

Aroclor- 1260 ND ND ND ND ND ND
Pesticides and Herbicides

a-Chlordane 0.0005 300 0.29 1,000 Hepaticnecrosis and liver effects EPA 1998
Aldrin 3.00E-05 1,000 ND ND Liver toxicity EPA 1998b
DDD ND ND ND !ND ND ND
DDE ND ND ND ND ND ND
DDT 0.0005 100 ND ND Liver lesions EPA 1998b
Dieldrin 5.00E-05 I00 ND ND Liver lesions EPA 1998b

Diuron 0.002 300 ND ND Abnormalpigments in blood EPA 1998b
EndosulfanII 0.006 100 ND ND Kidney andblood vessel effects and EPA 1998b

increasedbody weight [_ain
Endrin 0.0003 100 ND ND Liver lesions and convulsions EPA 1998b

Endrinaldehyde 0.0003 100 ND ND Liver lesions and convulsions EPA 1998b
g-Chlordane 0.0005 300 0.29 1,000 Hepatic necrosis and liver effects EPA 1998
Heptachlor 0.0005 300 ND ND Increased liver weight EPA 1998b
MCPP 0.001 3,000 ND ND [ Increased relative and absolute EPA 1998b

Ikidney weights

Semivolatile Organic Compounds
2-Chlorophenol 0.005 1,000 [0.005a] ND Reproductive effects EPA 1998b
2-Methylnaphthalene ND ND ND ND ND ND
2-Methylphenol 0.05 1,000 ND ND Decreased body weight and EPA 1998b

neurotoxicity,
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TABLE 5-5

TOXICITY ASSESSMENT
NONCARCINOGENIC TOXICITY VALUES

ALAMEDA POINT

(Page 3 of 5)

Chemical RfDo (mg/kg- Uncertaint RFDi Uncertainty Critical Effect Source
day) y Factor (mg/kg-day) Factor

2,4-Dimethylphenol 0.02 3,000 ND ND Clinical signs andhematological EPA 1998b
changes

2,4-Dinitrotoluene 0.002 100 [0.002 a] ND Neurotoxicity, formationof Heinz EPA 1998b
bodies, and biliary tracthyperplasia

4-Chloro-3-methylnaphthalene ND ND ND ND ND ND
4-Methylphenol ND ND ND ND ND ND
Acenaphthene 0.06 3,000 ND ND Heptatoxicity EPA 1998b
Acenapthylene ND ND ND ND ND ND
Anthracene 0.3 3,000 ND ND No observed effects level EPA 1998b
Benzo(a)anthracene ND ND ND ND ND ND

Benzo(a)pyrene ND ND SlD ND ND ND
Benzo(b)fluoranthene ND ND ND ND ND ND
Benzo(k)fluoranthene ND ND ND ND ND ND

Bis(2-ethylhexyl))phthalate 0.02 1,000 qD ND Increased relative liver weight EPA 1998b
Bis(2-chloroethyl)ether ND ND ND ND ND ND
Carbazole ND ND ND ND ND XlD
Chloroethane ND ND ND ND ND ND
Chloromethane ND ND ND ND ND ND

Chrysene _ND ND ND ND ND ND
Dibenzo(a,h)anthracene ND ND ND ND ND ND
Dibenzofuran ND ND ND ND ND ND

Fluoranthene 0.04 3,000 ND ND Neuropathy; liver and blood effects EPA 1998b
Fluorene 0.04 3,000 ND ND Decreased red blood cell count, EPA 1998b

blood effects

Indeno(1,2,3-c,d)pyrene _ID ND ND ND ND ND
n-Nitroso-di-n-propylamine ND ND ND ND ND ND

Naphthalene 0.04 1,000 0.00086 3,000 Decreased body weight; nasal effect EPA 1998b
Pentachlorophenol 0.03 100 [0.03a] ND Liver and kidney pathology EPA 1998b
?henanthrene ND ND _D ND ND ND

?henol 0.6 100 ND ND Reduced fetal body weight EPA 1998b
Pyrene 0.03 3,000 iND ND Kidney effects EPA 1998b
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TABLE 5-5
TOXICITY ASSESSMENT

NONCARCINOGENIC TOXICITY VALUES
ALAMEDA POINT

(Page 4 of 5)

Chemical RfDo(mg/kg- Uncertaint RFDt Uncertainty Critical Effect Source
day) y Factor (mg/kg-day) Factor

Volatile Organic Comounds
1,1-Dichloroethane 0.1 1,000 10.1 1,000 Kidney damage EPA 1995
1,1-Dichloroethene 0.009 1,000 ND ND Liver lesions EPA 1998b
1,2-Dichloroethene (total) 0.009 1,000 [0.009 a] ND Liver lesions EPA 1995
1,2-Dichloroethane ND ND ND ND
1,2-Dichlorobenzene 0.09 1,000 ND ND No observed adverse effects level EPA 1998b

1,2-Dichloropropane ND ND 0.0011 300 Hyperplasia of nasal mucous EPA 1998b
1,2,4-Trichlorobenzene 0.01 1,000 ND ND Increased adrenal weights and EPA 1998b

changes in brain vasculature
1,3-Dichlorobenzene 0.09 1,000 ND ND No observed adverse effects level EPA 1998b

1,4-Dichlorobenzene ND ND 0.23 100 Increased liver weights EPA 1998b
Acetone 0.1 1,000 [0.1a] ND Increased liver and kidney weights; EPA 1998b

nephrotoxicity
Benzene ND ND ND ND ND

Carbon disulfide 0.1 100 0.2 30 Fetal toxicity and malformations; EPA 1998b
peripheral nervous system disorders

Chlorobenzene IND ND ND ND ND ND

Chloroform 0.01 1,000 ND ND Fatty cyst formation in liver EPA 1998b
Ethylbenzene 10.1 1,000 0.29 300 Liver and kidney toxicity; EPA 1998b

developmental toxicity
Ethylene dibromide ND ND ND ND ND ND

Tetrachloroethene 0.01 1,000 ND ND Hepatotoxicity EPA 1998b
Trichloroethene 0.006 3,000 ND ND No observed adverse effects level SHRTSC 1994

Toluene 0.2 1,000 0.11 300 Changes in liver and kidney weights EPA 1998b
changes in neurological functions

Vinyl chloride ND ND ND ND ND ND
Xylene 2 100 ND ND Hyperactivity; decreased body EPA 1998b

weights; increased mortality
ND - Not determined
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TABLE 5-5
TOXICITY ASSESSMENT

NONCARCINOGENIC TOXICITY VALUES
ALAMEDA POINT

(Page 5 of 5)

Notes:

a - The toxicity value for the inhalation pathway was route-to-route extrapolated from the oral toxicity value, without adjustment, at the direction of the EPA
Region 9 toxicologist. This is not an EPA-promulgated toxicity value and does not accountfor route of exposure, pharmacokinetic, or physiological
considerations.

CNS Central Nervous System
4,4'-DDD Dichlorodiphenyldichloroethane
4,4'-DDE Dichlorodiphenyldichloroethylene
4,4'-DDT Dichlorodiphenyltrichloroethane
EPA U.S. Environmental Protection Agency
GOT Glutamic-oxalacetic transaminase

LDH - Lactic Acid Dehydrogenase
MCPP 2-(2-Methyl-4-chlorophenoxy)-propionic acid

mg/kg-day - Milligram per kilogram per day
RID - Reference dose

SHRTSC Superfund Health Risk Technical Support Center
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TABLE 5-6
TERRESTRIAL HABITAT SUMMARY

SITE 1
ALAMEDA POINT

Relative Special Species
Habitat Type Dominant Vegetation Observed Animal Species Occurrence Status"

Non-Native Grassland Common plantain (Plantago sp.) Black-tailed jackrabbit All common None
(Lepus californicus )

Curley dock (Rumex crispus)

California ground squirrel
Pine (Pinus sp.) (Citellus beecheyi)

Feral rabbit (Lepus sp.)

Notes:

a Special species status indicates any special protection status for the species



TABLE 5-7A
GROUNDWATER ECOLOGICAL COPCs

SITE 1, AREA A (OUTSIDE OF HOT SPOT, FWBZ)
ALAMEDA POINT

(Page 1 of 3)

Chemical Ecological COPC? Comment
Inorganic Chemicals
Antimony No Less than background
Arsenic No Less than background
Barium Yes No AWQC screening value

Beryllium No Less than background
Cadmium No Less than background
Calcium No Essential nutrient

Chromium No Less than background
iCobalt No Less Than Background
_Copper No Less Than Background
Iron No Essential nutrient

Lead No Less Than Background
Magnesium No Essential nutrient
Manganese No Less Than Background
Molybdenum Yes No AWQC screening value
Nickel Yes Max Exceeds AWQC
Potassium No Essential nutrient

Selenium No Less Than Background
Silver No Less Than Background
Sodium No Essential nutrient

Thallium No Less Than Background
Vanadium No Less Than Background
Zinc Yes Max Exceeds AWQC
Radionuclides

Radium-226 Yes No Screening Criteria
Radium-228 Yes No Screening Criteria
Gross Alpha Yes No Screening Criteria
Gross Beta Yes No Screening Criteria



TABLE 5-7A
GROUNDWATER ECOLOGICAL COPCs

SITE 1, AREA A (OUTSIDE OF HOT SPOT, FWBZ)
ALAMEDA POINT

(Page 2 of 3)

Chemical Ecological Comment
COPC?

Semivolatile Organic Compounds
2,2'-Oxybis(1-chloropropane) Yes No AWQC ScreeningLevel
2,4-Dimethylphenol No Max Less thanAWQC
2-Methylnaphthalene Yes No AWQC ScreeningLevel
2-Methylphenol Yes No AWQC ScreeningLevel
4-Methylphenol Yes No AWQC ScreeningLevel
Acenaphthene Yes No AWQC ScreeningLevel
Anthracene Yes No AWQC ScreeningLevel
Bis(2-chloroethyl)ether Yes No AWQC ScreeningLevel
Bis(2-ethylhexyl)phthalate Yes No AWQC ScreeningLevel
Carbazole Yes No AWQC ScreeningLevel
Dibenzofuran Yes No AWQC ScreeningLevel
Fluoranthene Yes No AWQC Screening Level

Fluorene Yes No AWQC Screening Level

Naphthalene Yes No AWQC Screening Level
Pentachlorophenol No Max Less Than AWQC

Phenanthrene No Max Less Than AWQC
Pyrene Yes No AWQC screening level



TABLE 5-7A
GROUNDWATER ECOLOGICAL COPCs

SITE 1, AREA A (OUTSIDE OF HOT SPOT, FWBZ)
ALAMEDA POINT

(Page 3 of 3)

Chemical Ecological Comment
COPC?

Volatile Organic Compounds
1,2-Dichloroethane Yes No AWQCScreening Level
1,2-Dichlorobenzene Yes No AWQCScreening Level
1,2-Dichloroethene(Total) Yes No AWQC ScreeningLevel
Benzene Yes No AWQC ScreeningLevel
Chlorobenzene Yes No AWQC ScreeningLevel
Chloroform Yes No AWQC ScreeningLevel
Cis-l,2-dichloroethene Yes No AWQC ScreeningLevel
Ethylbenzene Yes No AWQC ScreeningLevel
Toluene Yes No AWQC ScreeningLevel
Trans-l,2-dichloroethene Yes No AWQC ScreeningLevel
Trichloroethene Yes No AWQC ScreeningLevel
Vinyl Chloride Yes No AWQC ScreeningLevel
Xylenes (Total) Yes No AWQC Screening Level

Notes:

Area A wells include M001-A, M001-E, M002-A, M027-A, M027-E, M029-A, M029-E, M033-A, and
M035-A

AWQC Ambient water quality criterion
COPC Chemical of potential concern
FWBZ First Water Bearing Zone
LOEL Lowest observed effect level



TABLE5-7B
GROUNDWATER ECOLOGICAL COPCs

SITE 1, AREA B (HOT SPOT WELLS, FWBZ)
ALAMEDA POINT

" (Page I of 3)

Chemical I Ecological COPC? Comment
Inorganic Chemicals
Aluminum No Less thanbackground
Antimony No Less than background
Arsenic Yes Max exceeds AWQC
Barium No Less than back[_round
Beryllium No Less than backsround
Cadmium No Less than background
Calcium No Essential nutrient
Chromium No Less than background
Cobalt No Less ThanBackground
Copper No Less ThanBackground
Iron No Essentialnutrient

Magnesium No Essentialnutrient
Manganese No Less Than Backl_round
Molybdenum Yes No AWQC screening value
Nickel No Less Than Background
Potassium No Essential nutrient
Sodium No Essential nutrient
Zinc Yes Max Exceeds AWQC
Radionuclides

Gross Alpha Yes No Screening Criteria
Gross Beta Yes No Screening Criteria
Radium-226 Yes No Screening Criteria

_Radium-228 Yes No Screening Criteria



TABLE 5-7B
GROUNDWATER ECOLOGICAL COPCs _'

SITE 1, AREA B (SHORELINE WELLS, FWBZ)
ALAMEDA POINT

(Page 2 of 3)

Chemical Ecological Comment
COPC?

Semivolatile Organic Compounds
2,2'-Oxybis(1-chloropropane) Yes No AWQC Screening Level
2,4-Dimethylphenol Yes Max Exceeds AWQC

2-Chlorophenol Yes No AWQC Screening Level
2-Methylnaphthalene Yes No AWQC Screening Level
2-Methylphenol Yes No AWQC ScreeningLevel
4-Methylphenol Yes No AWQC Screening Level
4-Chloro-3-methylphenol Yes No AWQC Screening Level
Acenaphthene Yes No AWQC Screening Level
Bis(2-ethylhexyl)phthalate Yes No AWQC Screening Level
Carbazole Yes No AWQC Screening Level
Dibenzofuran Yes No AWQC Screening Level

Fluorene Yes No AWQC Screening Level
N-nitrosodiphenylamine Yes No AWQC Screening Level
Naphthalene Yes No AWQC Screening Level
Phenanthrene No Max Less Than AWQC

Phenol Yes No AWQC screening level
Pyrene Yes No AWQC screenin[glevel



TABLE 5-7B
GROUNDWATER ECOLOGICAL COPCs

SITE 1, AREA B (HOT SPOT, FWBZ)
ALAMEDA POINT

(Page 3 of 3)

Chemical Ecological Comment
COPC?

Volatile Organic Compounds
1,1-Dichloroethane Yes No AWQC ScreeningLevel
1,1-Dichloroethene Yes No AWQC ScreeningLevel
1,2-Dichlorobenzene Yes No AWQC ScreeningLevel
1,2-Dichloroethene(Total) Yes No AWQCScreeningLevel
1,2-Dichloropropane Yes No AWQCScreening Level
1,3-Dichlorobenzene Yes, No AWQCScreening Level
1,4-Dichlorobenzene Yes, No AWQCScreening Level
Benzene Yes No AWQCScreening Level
Chlorobenzene Yes, No AWQCScreening Level
Cis-1,2-dichloroethene Yes No AWQCScreening Level
Ethylbenzene Yes, No AWQCScreening Level
Tetrachloroethene Yes No AWQCScreening Level
Toluene Yes No AWQCScreening Level
Trans-1,2-dichloroethene Yes No AWQCScreening Level
Trichloroethene Yes No AWQC Screening Level

Vinyl Chloride Yes No AWQC Screening Level
Xylenes (Total) Yes No AWQC Screenin_ Level

Notes:
Area B wells include M028-A, M028-E, and M034-A
AWQC Ambient water quality criterion
COPC Chemical of potential concern
FWBZ First water bearingzone
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CHAPTER 6

SUMMARY OF REMEDIAL INVESTIGATION AND RISK ASSESSMENT FINDINGS

This chapter summarizes RI activities and risk assessment findings as well as ancillary investigations for

IR Site 1, the 1943-1956 disposal area located in the northwestern corner of Alameda Point. The

summary presented in this chapter includes the following elements:

• Summary of historical contamination sources

• Summary of past investigations (pre-RI)

• Summary of pistol range and EBS investigations, funnel-and-gate demonstration, and
radiological and UXO surveys

• Site conceptual model

• Summary of RI activities, including site geology and hydrogeology descriptions, and
summary of RI analytical results

• Summary of HHRA and ERA including nature and extent of COCs

• Conclusions

Analytical data collected during the RI are summarized in tables and shown in figures. Figures with

analytical data include "hits-only" maps for organic and inorganic chemicals in soil and groundwater, and

isoconcentration maps prepared for selected chemicals. Groundwater maps are divided into FWBZ and

SWBZ maps. Isoconcentration maps were prepared for chemicals in groundwater posing an ecological

risk at the site.

Section 6.6.2.3 discusses all analytical data collected for the site. These data were used to assess human

health and ecological risks as described in Chapter 5 and Section 6.7. The risk assessments identified

risk-based COCs, and the nature and extent section of this chapter discusses the distribution of the risk-

based COCs at the site.

As discussed in Chapter 5, two sets of risk calculations are presented in this report because of technical

differences among EPA HQ, EPA Region 9, and DTSC. The technical differences involve toxicity

reference values, the dermal risk assessment, and exposure pathways. The two sets of risk calculations

are based on the following assumptions:
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• Assumptions based on EPA guidance (referred to as the "Navy assumptions" in this
report)

• Assumptions based on DTSC guidance (referred to as the "DTSC assumptions" in this
report)

Agreement could not be reached on the presentation of a single set of risk assessment values, but the use

of both sets of risk assessment values will provide supplemental information for risk management

decision-making. Both sets of risk assessment values are technically valid and provide pertinent

information to risk management decisions.

This ILl report considers both sets of risk assessment values in making risk management decisions. All

chemical risk drivers that exceed a 1.0x 106 carcinogenic risk or a noncarcinogenic HI of 1 are detailed

in this chapter in the risk management discussion and conclusions sections. The differences between the

risk assessment values are .outlinedon a site-specific and chemical-specific basis. Chemicals that pose a

site risk comparable to the risk from background concentrations of metals and PAHs are typically not

identified as target chemicals for the FS. Additionally, site-specific conditions, the nature and extent of

site contamination, and the ecological considerations were assessed when risk management decisions

were made.

The conclusions in Section 6.9 are based on both sets of HHRA values, chemical risk drivers, ecological

risk drivers, site conditions, and input from risk managers.

6.1 SITE LOCATION AND CONSTRUCTION HISTORY

IR Site 1,the 1943-1956 disposal area, is located in the northwestern corner of Alameda Point

(Figure 1-2). IR Site 1 was operated between 1943and 1956 as NAS Alameda's main site for waste

disposal. The landfill reportedly received all waste generated at NAS Alameda except wastewater, which

was discharged directly to the Seaplane Lagoon via the storm sewer system (E&E 1983). Early

investigations defined IR Site 1 as being within the "outside boundary." However, a subsequent review

of aerial photographs revealed that an area of approximately 14.7acres actually served as the landfill

(PRC and MW 1993a). Therefore, a revised site boundary known as the "inside boundary" was

delineated (as shown in Figure 2) that encompasses an area of about 24 acres. The area within the inside

boundary represents the current definition of IR Site 1,whose specific boundaries are as follows: (1) the
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northern edges of the bum area and landfill disposal cells are the northern boundary; (2) the eastern edge

of the landfill disposal cells is the eastern boundary; (3) the southern edge of the landfill disposal cells is

the southern boundary; and (4) San Francisco Bay adjacent to the burn area and the southernmost disposal

cell is the western boundary. Figure 6-1 shows the physical featuresoflR Site 1, including both the

inside (current) and outside (former) boundaries.

Limited information is available regarding the construction of the 1943-1956 disposal area. Historical

aerial photographs and early maps show that prior to 1940, the area occupied by the landfill was covered

by the waters of San Francisco Bay (Canonic 1990). A 1942 geodetic survey chart for NAS Alameda

shows water as deep as 20 feet at what is now the western shoreline of IR Site 1 (U.S. Coast and Geodetic

Survey 1942). A rock seawall that was originally a jetty protecting the harbor entrance, lies at the

northern perimeter of the landfill and was in place prior to 1915. Construction history obtained from

Alameda Point archived drawings and aerial photographs indicates that sunken barges and pontoons were

placed along the western side of the site adjacent to the Bay (Pacific Aerial 1949 and 1957). Natural

sedimentation of clayey and silty material likely built up along the barges, which provided structures for

placing the hydraulic fill. The disposal area was originally filled with dredge spoils during the early

1940s, beginning with the northern part of the landfill next to the jetty. Evidence of disposal operations at

the site is shown in aerial photographs taken sometime during World War II (Figure 6-1). According to a

screening questionnaire completed by the Navy on June 21, 1988, the landfill has no liner, and the depth

of the landfilled waste is unknown. In addition, no maintenance has been performed on the landfill soil

cover at the site.

Figure 6-1 shows seven "cells" surroundedby access roads used for waste disposal (Pacific Aerial

Surveys 1947 and 1949)with a total area of 14.7 acres; also shown is the location of a burn area in the

northwest part of the site (Pacific Aerial Surveys 1957). The seven disposal cells and the burn area are

also shown in all site maps prepared for IR Site 1.

6.2 HISTORY OF CONTAMINATION SOURCES

Waste disposal activities reportedly began at IR Site 1 in 1943 and ended in 1956. The seven "cells"

described earlier and the burn area were used as disposal areas at the site. Landfilling activities at the site

consisted of digging trenches in the hydraulic fill to the water table, filling the trenches with waste, and

compacting the material with a bulldozer. Cover material was applied on an irregular basis. Waste drums
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were often burned during disposal operations, which suggests that flammable materials were disposed of

in this area.

The Navy Public Works Department implemented open burning as the primary waste disposal method at

the site in the early 1950s. The bum area was located at the northern end of the site as shown in

Figure 6-1. Burned residue was pushed into San Francisco Bay with a bulldozer (E&E 1983). Aerial

photographs from August 14, 1953, and May 3, 1957, show t]hatbetween these dates, the 400-foot

shoreline near the bum area was extended approximately 130 feet westward into San Francisco Bay

(Pacific Aerial Surveys 1953 and 1957). Logs for borings drilled during the SWAT program indicate that

the shoreline was filled with bumed and unburned refuse and a thin covering of sand. A preliminary data

assessment for sediment samples collected offshore from IR Site 1 was conducted to determine whether

elevated concentrations of chemicals associated with the site were present in San Francisco Bay. The

assessment results are presented in Appendix E. Offshore sediment samples will be addressed by the

regional sediment work group and are therefore not addressed under the OU-3 RI.

The estimated quantity of solid wastes disposed of at the landfill ranges from 15,000 to 200,000 tons

(E&E 1983). Although the exact quantity of waste disposed of at the landfill is not known, materials

known to have been disposed of include old aircraft engines, cables, scrap metal, waste oil, paint waste, _lf
solvents, cleaning compounds, construction debris, ashes from the incinerator located in former Building

68 (demolished in 1961)adjacent to Building 459 at IR Site ;7,and low-level radioactive material from

the Naval Air Rework Facility (NARF) (E&E 1983). In addition, aircraft engine parts and vehicles were

stored in the northern portion of the site. A screening questionnaire completed by the Navy in 1988states

that the site accepted hazardous wastes in quantities greater than household amounts. The questionnaire

also indicates that neither landfill gas migration nor odors had been detected off site; however, no formal

ambient air testing has been conducted.

The landfill was partly covered in 1952 when runway 13-31was extended on the northern side of the site

and runway 7-25 was extended to the south. Disposal operations apparently continued in the landfill

areas that had not been covered from 1952 until 1956 (Canonie 1990). In 1956, disposal operations were

shifted to the West Beach Landfill to the immediate south (IR Site 2). The entire IR Site 1 landfill was

eventually covered with soil of unknown depth (Canonie 1990). A skeet and pistol range (pistol range)

was opened as part of the recreation area after disposal activities were shifted to the West Beach Landfill.

According to employee interviews, during the construction of the pistol range, excavation was conducted

to a depth of about 8 feet bgs in order to remove buried debris (that is, fence material, aircraft engine
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parts, and so on). At the same time, an unknown number of 55-gallon drums filled with fired 20

_€ millimeter (mm) projectiles were placed in this excavation. These projectiles were also mixed into

concrete (as aggregate) used for the pistol range foundations.

IR Site 1 is currently occupied by the northern end of runway 13-31;a funnel-and-gate permeable

reactive groundwater treatment system; and a former recreation area consisting of a pistol range, a

baseball diamond, and ajogging trail. These locations are shown in Figure 6-1.

6.3 RESULTS OF INVESTIGATIONS PRIOR TO THE INSTALLATION
RESTORATION PROGRAM

Wahler Associates completed a VS/CS that included an investigation of the IR Site 1 landfill in late 1984

under the NACIP program. Five groundwater monitoring wells (WA-1 through WA-5) were installed

within the hydraulic fill material along the western edge of IR Site 1. One soil sample and one

groundwater sample were collected from each location. Each soil and groundwater sample was analyzed

for purgeable hydrocarbons, SVOCs, metals, and radiation (Wahler Associates 1985).

Wahler Associates concluded that elevated concentrations of heavy metals (copper, lead, and zinc) and

_' organic compounds were present in soils near the western boundary of IR Site 1. The metals did not

appear to be moving into groundwater, although elevated concentrations of organic compounds, including

chlorinated solvents not found in the soil samples, were found in the groundwater. Wahler Associates

also concluded that materials found in the soil and groundwater did not appear to pose a threat to human

health or safety but recommended that additional groundwater monitoring be conducted for further site

characterization (Wahler Associates 1985; PRC and MW 1995). As discussed in Chapter 2, a background

metal data set for Alameda Point was developed in 1997 for the purposes of conducting HHRAs and

ERAs. The metal concentrations detected during the Wahler Associates investigation were comparable to

the background metal concentrations except for copper, lead, and zinc.

6.4 ANCILLARY SITE INVESTIGATION ACTIVITIES AND RESULTS

The results of several investigations and surveys conducted in conjunction with the IRP were not included

in risk assessments for the OU-3 RI because DQOs were not adequate. These investigations and surveys

include the following:

• Pistol range investigation
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• Funnel-and-gate demonstration

• Radiological surveys
• UXO survey and removal action
• EBS investigation

The pistol range investigation was conducted by the Navy to determine the extent of lead contamination

at the former pistol range. Leach modeling (using the computer program VLEACH) was performed to

assess the overall impact of lead on underlying groundwater. The funnel-and-gate demonstration was

conducted to treat constituents in groundwater at IR Site 1. Data from this project are helpful in

delineating plumes. Two preliminary radiological surveys were completed at IR Site 1 during 1995 and

1996, and a comprehensive radiological survey was completed in June 1999. A UXO survey was

prompted by UXO found during the radiological surveys. A UXO removal action was completed, and a

more extensive UXO sweep was undertaken that encompassed the entire outside boundary of IR Site 1.

In addition, a geophysical survey was conducted to delineate subsurface UXO in a 3-acre area

encompassing the pistol range. The EBS investigation was initiated by the Navy to assess potential

environmental concerns associated with real estate parcels affected by the BRAC.

Details of the investigations and surveys are presented in the following subsections.

6.4.1 Pistol Range Investigation

The pistol range area is located in the western portion of IR Site 1 and consists of a pistol range, a

shotgun range, and an area immediately north of the pistol range used for disposal of spent ordnance

(spent lead bullets and pellets). An earthen impact berm lined with sandbags is located behind the firing

lines. The entire pistol range area is approximately 220 by 200 feet in size. The pistol range was in

operation between the early 1940s and 1993. According to Navy documents, types of weapons used at

the pistol range included 0.22, 0.38, 0.45, 9 mm, 0.357 and 0.44 caliber weapons, and 12 gauge shotguns

at the shotgun range (Navy 1993). The layout of the site faci'lities is shown in Figure 6-2.

The Navy conducted a soil investigation of the pistol range area in 1995 and 1996. Soil samples were

collected from the berm, behind the berm, the target trench, the firing lines, and grass areas and were

analyzed for metals. Sample analytical results were presented in two laboratory reports generated by

Chemical Engineering and High Polymer Materials Lab (1995 and 1996).
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The 1995 soil samples were collected to a vertical depth of 3 feet bgs along the berm, and to a depth of

1.5 to 2 feet bgs in the target trench and firing lines.

The Navy's 1995 soil investigation revealed the following total lead concentrations:

Total Lead Range
(mgNg)

Pistol range berm <10 to 34,000
Target trench 30 to 60,000
Firing Line No. 1 <10 to 1,800

The total lead concentrations were above the California Total Threshold Limit Concentration (TTLC) of

1_000mg/kg. CCR Title 22 gives the regulatory criteria for defining a waste as hazardous and was used

as a reference to compare the relative magnitude of detected metal concentrations. Cadmium and zinc

were detected at concentrations of 130 and 7,400 mg/kg, respectively, at two sampling locations

identified in the environmental field investigation work plan (AGS, Inc. lAGS] 1997). These levels of

cadmium and zinc exceed the TTLC regulatory criteria (CCR Title 22) of 100 and 5,000 mg/kg,

respectively.

The Navy also collected surface soil samples from the pistol range area in 1996. Lead was detected in all

11 surface soil samples at concentrations ranging from 30 mg/kg in a sample collected at the eastern end

of the shotgun range to 1,510 mg/kg in a sample collected from the berm of the pistol range.

AGS conducted soil and groundwater sampling at the pistol range in March and July 1998. The objective

of the sampling was to collect sufficient data to characterize the areas of potential lead contamination in

soil. AGS's soil and groundwater sampling locations in the pistol range area are shown in Figure 6-3.

Groundwater samples were collected from three temporary 8xoundwater sampling wells and were

analyzed for total lead. Each soil sample was analyzed for total lead, and the soil samples were

selectively analyzed for the following chemicals:

• Dissolved lead
• CAM 17 metals
• SVOCs

• Total petroleum hydrocarbons-gasoline (TPH-G)
• Benzene, toluene, ethylbenzene, and xylene (BTEX)
• Total petroleum hydrocarbons-diesel (TPH-D)
• Total petroleum hydrocarbons-motor oil (TPH-MO)

• PCBs
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One surface soil sample was also analyzed for radionuclides because of radiation detected during previous

IR Site 1 investigations.

Lead (total and soluble), CAM 17 metals, organic compounds, and radionuclides were detected in soil

samples collected in the pistol range area. Tables 6-1 through 6-8 present the analytical results for total

and soluble lead, CAM 17 metals, petroleum hydrocarbons, SVOCs, and radionuclides. Figures 6-4

through 6-7 show the sampling locations, sampling depths, and corresponding concentrations of total and

soluble lead detected in soil within the pistol range area.

Lead was detected in one groundwater sample collected adjac,ent to the sand berm at the shotgun range.

Table 6-9 presents the analytical results for lead in groundwater within the pistol range area.

Elevated levels of lead were present in most of the berm samples. Elevated lead concentrations were

detected near the surface (0 to 12 inches bgs) in areas outside the berm, specifically the area of the target

trench and the firing line area. Relatively high levels of soluble lead from the waste extraction test

(WET) leaching were also observed in soil samples with elevated total lead concentrations. However, the

soluble lead levels from the synthetic precipitation leaching procedure (SPLP) analysis were significantly

lower than those from the WET leaching. Because the SPLP employs a solution that is more similar to

typical groundwater, and because low levels of soluble lead were observed in the SPLP analysis, it was

concluded that significant leaching of lead into the groundwater was unlikely. This conclusion is further

supported by the fact that only low levels (<0.005 to 0.0075 rag/L) of lead were found in three grab

groundwater samples collected at the site.

Leach modeling using the computer program VLEACH was performed to assess the overall impact of

lead on underlying groundwater as a result of infiltration through pistol range soil. Two scenarios were

modeled. Scenario (1) involved using the infiltration rate (1 foot/year [ft/yr]) used in the IR Site 1

contaminant fate and transport model. Scenario (2) involved using an infiltration rate equal to 50 percent

(0.5 ft/yr) of the infiltration rate used in the IR Site 1 contaminant fate and transport model. The 50

percent infiltration rate was intended to simulate the reduction in infiltration at IR Site 1 resulting from

construction and grading of a soil cap. For each scenario, contaminant concentrations in groundwater

beneath the pistol range were modeled over a 30-year period.

The VLEACH modeling predicted the following concentrations of lead in groundwater beneath the pistol

range after 30 years of leaching:
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Lead Concentration (mg/L)
• Scenario 1 0.140
• Scenario 2 0.044

The AWQC for lead to protect aquatic receptors in saltwater is 8.1 _tg/L. Therefore, taking into account

the factor of 10 dilution (NOAA 1999), lead levels below 81 ug/L would not adversely impact aquatic

receptors in the bay. The VLEACH modeling results indicate that under present conditions, levels of lead

leaching from the pistol range could adversely impact aquatic receptors. However, the VLEACH results

also indicate that capping and grading would reduce the lead infiltration to levels that would not adversely

impact aquatic receptors. Appendix N presents modeling results.

6.4.2 Funnel-and-Gate Pilot-Scale Demonstration and Treatability Study

The funnel-and-gate permeable reactive barrier system for treating groundwater contaminated with

chlorinated solvents and petroleum hydrocarbons was installed at IR Site 1 in December 1996 under the

Advanced Applied Technology Demonstration Facility (AATDF) program. The funnel-and-gate system

was designed by the University of Waterloo (Waterloo) and Environmental Technologies, Inc. Pilot-scale

testing under controlled conditions began in April 1997. The data collected during the demonstration

were not included in the risk assessment, because the DQOs developed for the demonstration and

treatability study were not intended to support inclusion of the data in risk assessments.

The Waterloo Demonstration Project is located in the southwesternportion of IR Site 1 adjacent to San

Francisco Bay (see Appendix K, Figure K-1). The in situ technology treats groundwater through

(1) reductive dechlorination of chlorinated ethenes by contact with zero valent iron, which comprises the

permeable, reactive barrier; and (2) in situ aerobic bioremediation of petroleum hydrocarbons stimulated

by minimal oxygen addition using an in situ biosparge system. Details of the technology are presented in

the revised work plan prepared by Waterloo (Waterloo 1996). Figure K-2 in Appendix K shows a plan

view of the funnel-and-gate system including the monitoring well locations within the remedial gate and

control gate. The purpose of the control gate is to monitor natural degradation of the chemicals.

Figure K-3 in Appendix K presents a cross-sectional view of the remedial gate. The remedial gate was

installed in the FWBZ and is keyed into the BSU.

Samples were collected from two types of monitoring wells within the remedial and control gates (see

Appendix K, Figure K-3). "Performance" wells are fully screened wells, and their data represent
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vertically integrated (averaged) concentrations with depth. "Treatment" wells are three-point multilevel

wells and their data represent depth-discrete concentrations with depth. Concentrations from samples

collected from treatment wells are typically higher than concentrations from fully screened wells because

of lower dilution effects. In addition, "performance" well data are validated, whereas treatment well data

are not.

Details on the performance of the funnel-and-gate system are available in data summary reports for four

quarters of sampling conducted between April 1998 and February 1999 (TtEMI 1998d, 1998e, 1999b,

and 1999c). Analytical results from the last sampling quarter (February 1999)are presented in

Appendix K. The results of the quarterly monitoring showed the contaminant plume to be spatially

variable. Influent concentrations were also variable over time. Very high influent concentrations (in the

part per million range) of cis-1,2-DCE; vinyl chloride; and toluene were detected upgradient of the

reactive barrier of the remedial gate and the control gate. Characterization of the site identified floating

product in one multilevel well less than 50 feet east of the remedial gate. Figures K-4, K-5, and K-6 in

Appendix K show the concentrations of vinyl chloride; cis-I,2-DCE; and toluene detected in samples

collected from the multilevel wells during the February 1999 sampling event, Table K-1 in Appendix K

summarizes the concentrations detected in samples collected from the fully screened wells during the

February 1999 sampling event. Tables K-2 and K-3 in Appendix K present statistical summariesof

chlorinated hydrocarbon and BTEX compound concentrations, respectively, for the four quarters of

sampling. As Table K-4 in Appendix K shows, concentration reductions of 98 percent or greater were

achieved for all chlorinated VOCs and BTEX compounds of interest based on data for samples collected

in February 1999. The concentration reductions were relatively constant throughout the duration of the

demonstration.

In 1995 a plume delineation was conducted for the hot spotarea near wells M028 and M034 to determine

the optimal location for installation of the funnel-and-gate system. Results of this plume delineation are

presented in Figures K-7 through K-9 of Appendix K and were used to prepare the isoconcentration

contours for VOCs appearing in Figure 6-29.

In conjunction with the objectives of the AATDF program, which were to demonstrate the remedial

technology's capabilities and limitations, remedial objectives were set for the funnel-and-gate

demonstration. The remedial objectives proposed for the demonstration, which for the most part coincide

with California MCLs, are shown in Table K-5 in Appendix K along with a comparison of the effluent

concentrations from the February 1999 sampling event (TtEMI 1999b).
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_' 6.4.3 Radiological Surveys

Two preliminary radiological surveys were completed at IR Site 1 during 1995 and 1996. A

comprehensive radiological survey initially intended to be a removal action, has been underway since

1998 and will be completed in June 1999. Prior to commencing the preliminary radiological surveys, a

site-wide background survey was conducted in 1995, to establish a background count rate for comparison

to IR Site 1 and Site 2 survey results. The background survey consisted of collecting 5-minute gross

gamma counts at 30 locations in six areas around Alameda Point.

6.4.3.1 Preliminary.Radiological Surveys

The first IR Site 1 radiological survey was conducted in September 1995 and consisted of the following

•elements:

• Grid node surveys

• Transect walkover surveys

• In situ gamma spectroscopic analysis of field survey anomalies

• Soil sample analysis (background and anomaly samples) including gamma spectroscopic
and radiochemical analysis

The survey involved fixed count rates and transect walkovers on a 20-meter square grid covering

approximately 16.5 acres (see Appendix J, Figure J-l). The walkovers were intended to identify anomaly

locations. If radiation levels detected were significantly above the installation-wide background levels,

the area of highest radiation was determined, and the location was marked as an anomaly. Details on the

methodology and techniques used during this survey are presented in the addendum to the IR Sites 1 and

2 radiation survey report (PRC 1997b).Grid node surveys and transect walkovers conducted during the

September 1995 radiological survey identified a total of 23 anomalies located within and adjacent to IR

Site 1. These anomalies were identified based on significant exceedences of installation-wide background

levels at Alameda Point. Table J-1 in Appendix J shows the survey results for these anomalies. These

anomaly locations were subjected to further analysis using in situ gamma spectroscopy• The results

showed that radium 226 was present in IR Site 1 soils at levels above background• The results do not,

however, allow determination of whether the radium 226 activity was caused by a discrete point source or
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a dispersed source distributed in the soils. Because of unknown factors such as the depth of the source,

soil densities, and the physical nature of the source, it is not possible to fully quantify the radium 226 _,

based on spectrum analyses. Table J-2 in Appendix J summarizes the findings of the spectral analyses. A

surface soil sample was also collected at each anomaly location. Extremely low-level radioactive sources

were recovered from soil samples collected at four locations. These pieces of material were shown to be

contaminated with radium 226. Table J-3 in Appendix J summarizes the findings of the soil sample

analyses that resulted in recovery of radioactive sources.

The second radiological survey was conducted in June 1996. The survey area included the northwestern

point oflR Site 1 and the sitejogging trail. The survey area for the northwest point oflR Site 1 consisted

of 1.25acres (see Appendix J, Figures J-2 and J-3). A 10-meter reference grid was established in the

northwest area to ensure that the entire area was scanned. Any anomalies were further characterized after

the grid survey was complete. These areas were scanned with 100 percent coverage using 2x2 NaI

gamma scintillation detectors. During the survey, several sources were recovered and placed in a waste

storage drum. Further details on the techniques used during this survey are presented in the radiation

survey report (PRC 1997c).

During the June 1996 survey of the northwestern point of IR Site 1, 19 anomalies were identified; they

have been designated as anomalies FP01 through FP 19 (see Appendix J). Two of these anomalies, FP04

and FP06, were also identified in the previous survey as anomalies 23 and 19, respectively (PRC 1997b).

The anomalous locations are in close proximity to the bay and may be under water at high tide. Table J-4

in Appendix J presents the net gamma count rates and gamma exposure rates and indicates whether the

source was removed for each anomaly identified during the survey. Table J-5 in Appendix J shows the

grid node survey results. Almost two-thirds of the grid node locations had a count rate below the

detection limit of 110 counts per minute (cpm). Radioactive sources were recovered from seven of the

anomalous locations.

Six anomalies were located along the jogging trail. Table J-6 describes the jogging trail anomalies.

Sources were recovered from four of the anomalous locations. Appendix J shows the locations of the IR

Site 1jogging trail anomalies with respect to the 1¾-mile marker post located on the western side of the

trail between the trail and Perimeter Road. The post is near the center of the section of the trail that runs

through IR Site 1 and is directly across the trail from a storm sewer drainage grate.
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6.4.3.2 Comprehensive Radiological Survey

Based on resultsfrom the two preliminary surveys, a comprehensiveradiologicalsurvey was initiatedby

the Navy in September 1998. This radiologicalsurvey was conducted in accordancewith the "Alameda

PointIR Sites 1, 2, 5, and 10RadiologicalRemoval Action TechnicalWorkDocument/Draft Remedial

Action Plan" (TtEMI 19980. The radiologicalsurvey areasare shown in Figure6-8, andradiological

anomaliesareshown in Figure6-9.

Radiological anomalies were discovered beyond the current IR Site 1 boundary; however, the inside

boundary was not redefined based on the survey results. Radioactive dials will be removed in August

1999 to ensure that no areas exist where radiation exposure rates exceed an average of 50 microRoentgens

per hour at 1 meter above the ground surface inside IR Site 1 boundaries and an average of 20

microRoentgens per hour at 1 meter above the ground surface outside IR Site 1 boundaries. The basis for

these criteria is protection of construction workers during cap construction. No further remedial actions

for radiological anomalies will be required after the removal action is completed.

6.4.4 Unexploded Ordnance Survey and Removal Action

During the week of October5, 1998, ordnancewas discoveredin the pistol rangeareaat IR Site 1 during

the radiologicalsurvey. U.S. Air ForceEOD personnel respondingto this discovery removed

approximately20 20 mm projectilesfromthe area. BetweenOctober26 andOctober31, 1998,

SSPORTSUXO representativesconductedanemergencyremovalactionto clear all surfaceordnance

materialfromwithin andaroundthe pistol rangearea. A totalof 335 live, 20 mm,high-explosive

projectilesand2 live smallarmscartridges(one 0.45 caliberball roundandone 0.30 caliber ball round)

were recovered during the removal action. Additional inert ordnance material recovered included 12,259

20 mm projectiles; 1,686 0.50 caliber armor-piercing projectiles, and 359 assorted brass cartridges. All

the rounds were essentially found within a 50 by 50-foot area in a few shallow pits within the disposal

area located adjacent to and north of the pistol range; only a few scattered rounds were discovered in the

rest of the pistol range area (SSPORTS 1998).

The Navy conducted a UXO sweep of the entire outside boundary oflR Site 1 in May 1999. The purpose

of the surface sweep was to visually locate, identify, and remove all exposed ordnance materials that

could present a danger to site workers. The nominal size of each search grid was 100 by 100 feet. A

trained and qualified search team consisting of three UXO workers and a UXO specialist performed the
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surface sweep. The search team walked the area at a search line separation of no more than 6 feet to

ensure that all visible ordnance materials would be located. However, no surface evidence of UXO was

found during the sweep.

In June 1999,a geophysical survey was conducted in an area of about 3 acres that encompasses the pistol

range area, where UXO was previously found and where historical Navy records indicate that UXO was

disposed of (SSPORTS 1999). A summary report that will include UXO removal recommendations is

currently being prepared by SSPORTS for the Navy. The DoD Explosives Safety Board (DDESB)

pursuant to DoD Ammunition and Explosives Safety Standards (DoD 1997) sets forth requirements for

public release of sites containing UXO. The final UXO removal action recommended in the summary

report will meet DDESB requirements, will be implemented before any remedial alternative selected for

the site is constructed, and will be completed prior to property,transfer.

6.4.5 Environmental Baseline Survey Investigation Findings At Parcels Associated With
Installation Restoration Site 1

IR Site 1 lies within Zone 1 and is made up of Parcels 1, 2A (formerly part of Parcel 2), and 5A (formerly

part of Parcel 5) (Figure 1-2). The IR Site 1 outside (former) boundary extends to include Parcel 5, and

samples from Parcel 5 collected within the IR Site 1 outside boundary are included in the following

discussion for completeness. Soil sampling was conducted in April 1995 at Parcels 1 and 5 as part of the

EBS initiated by the Navy to assess potential environmental concerns associated with real estate parcels

affected by the BRAC. No parcel-specific sampling was conducted at Parcel 2A (sample 001-0005,

which was sampled under Parcel 1, may have been moved to Parcel 2). The following discussion

summarizes the findings of the EBS sampling at Parcels 1 and 5. The sampling locations, a statistical

summary of the soil analytical results, and the EBS analytical results are presented in Appendix F.

EBS surface soil samples within the inside boundary were collected around the skeet range and from an

area just south of the skeet range where a suspected petroleum hydrocarbon stain was identified. Lead

and SVOCs were analyzed for and detected in the four EBS soil samples collected from the skeet range

area. Moderate to high concentrations of SVOCs (primarily PAHs) were detected. Lead was detected in

each of the skeet range soil samples at concentrations ranging from 18.1 to 108 mg/kg. The highest lead

concentration was detected in sample 001-0001. Surface soil sample 001-0005 was collected from the

area of the suspected petroleum hydrocarbon stain. The sample was analyzed for total petroleum

hydrocarbon -extractables (TPH-E). TPH-MO was detected at 230 mg/kg. EBS surface soil and sewer

corridor samples were collected within the common area of Parcel 5 and within the IR Site 1 outside
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boundary. Surface soil sample 005-001-002 was analyzed for CLP pesticides. Aroclor-1260 and 4,4'-

DDT were detected at concentrations of 0.24 and 0.031 mg/kg, respectively. Shallow soil samples 005-

0003M, 005-0004, 005-0005M, 005-0006M, and 005-0007M were collected from areas suspected of

having fuel contamination. Most of these samples were analyzed for TPH-E and total petroleum

hydrocarbon-purgeable (TPH-P) (sample 005-0007M was analyzed only for TPH-E). Only TPH-MO was

detected in sample 005-0004 (at 55 mgikg). Two subsurface soil samples were collected from the

sanitary sewer corridor near Buildings 497 and 420 (samples 005-005L and 005-005S). These samples

were analyzed for SVOCs, pesticides/PCBs, herbicides, oil and grease, VOCs, TPH, and metals. Nickel,

oil and grease, four SVOCs, and Aroclor (total) were detected in the samples at low concentrations.

EBS sampling results indicated that no significant contamination or sources of contamination were

present in the areas investigated except in the area near the skeet range. High concentrations of SVOCs

detected near the skeet range during the RI are further addressed in the HHRA.

6.5 SITE CONCEPTUAL MODEL

Potential sources of contamination identified at IR Site 1 include UXO and materials known to have been

disposed of at the site, such as old aircraft engines, cables, scrap metal, waste oil, paint waste, solvents,

cleaning compounds, construction debris, ash from the installation incinerator, and radioactive material

from NARF (E&E 1983). Other potential sources of contamination may also exist as a result of the burn

area and pistol range activities.

Figure 6-10 illustrates the conceptual model for IR Site 1. Tile potential release mechanisms include the

following:

• Leachate from buried waste may migrate through the FWBZ into the surface waters and
sediments of the San Francisco Bay and the Oakland Inner Harbor.

• Chemicals may volatalize from the soil and groundwater into outdoor air.

• Chemicals that sorb to soil particulates may subsequently be carried by airborne dust.

Human exposure scenarios evaluated for IR Site 1 include recreational and occupational exposures. The

residential exposure scenario does not apply because future land use at IR Site 1 is known to be

nonresidential, and zoning and deed restrictions will prohibit housing development at the site. The

exposure assessment is discussed in Section 5.1.3. Table 5-3 summarizes the exposure scenarios and
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pathways for the HHRA. Figure 5-3 shows the conceptual models for exposure of recreational and

occupational receptors to site contamination. Exposure routes include incidental soil ingestion, dermal

contact with soil, inhalation of particulates from soil in ambient air, inhalation of vapors from soil in

ambient air, and inhalation of vapors from groundwater through (1) direct migration from the FWBZ

through the vadose zone to ambient air and (2) release into ambient air during irrigation. Evaluation of

the groundwater exposure pathways was performed at a screening level. Inhalation of air above the

landfill was evaluated. Inhalation of vapors during irrigation using a groundwater extraction well located

outside IR Site 1 was evaluated for an occupational receptor.

Limited terrestrial habitat and fauna were identified at IR Site 1. However, the landfill cap discussed in

Chapter 5 and Appendix E will be designed to eliminate potential exposure pathways for terrestrial

ecological receptors. Groundwater at IR Site 1 flows north and west and discharges into San Francisco

Bay and the Oakland Inner Harbor, resulting in a potentially complete groundwater-to-surface water

exposure pathway for aquatic ecological receptors. Therefore, an ERA was conducted based on exposure

of ecological receptors in 'San Francisco Bay to chemicals transported from the site via groundwater.

6.6 REMEDIAL INVESTIGATION ACTIVITIES AND RESULTS

V
This section summarizesRI activities conductedatIR Site 1 andthe resultsobtained.

6.6.1 Remedial Investigation Activities

The RI activities conducted at IR Site 1 include soil and groundwater investigations and are summarized

in Table 6-10. The activities were conducted during the Phases 1 and 2A investigations (PRC and JMM

1993a), the Phases 5 and 6 SWAT (PRC and MW 1993a), and the CTO No. 280 follow-on investigation

(PRC and MW 1995). During the RI activities, surface and subsurface soil samples were collected for

chemical and geotechnical analyses, and groundwater samples were collected from monitoring wells and

Hydropunch®locations. CPT, radiological surveys, and a tidal influence study were also performed. The

following subsections further describe DQOs and associated RI activities. Table 6-10 provides a

chronological summary of the IR Site 1 RI activities. Appendix D provides a detailed description of the

techniques and DQOs used for the IR Site 1 investigations.
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6.6.1.1 General Data Quality Objectives

GeneralDQOsare discussed in this section. DQOsare qualitativeandquantitativestatementsdeveloped

by datausers to specify the qualityof dataneededfrom a particulardatacollection activityto support

specific decisionsor regulatoryactions. TheDQOs for the OU-3 RI were based on EPAguidelines in the

"Data QualityObjectives for RemedialResponseActivities DevelopmentProcess" (EPA 1987a),"Data

QualityObjectivesProcess for SuperfundInterimFinalGuidance"(EPA 1993), "Guidancefor the Data

QualityObjectivesProcess" (EPA 1994a),and"DataQualityObjectivesProcess for HazardousWaste

Site Investigations(EPA 1999).

DQOs were used to determine the specific types, quality, and quantity of data that were collected during

RI field activities. Furthermore, the DQO process was used to determine how the data would be used to

make remedial decisions. The following discussion describes how each of the seven steps required for

the DQO process was addressed during the RI.

Step 1: State the Problem

I_, The source of potential chemical contamination at IR Site 1 resulted from burial of a variety of waste

materials generated from past Navy industrial, military, and municipal activities in a landfill adjacent to

San Francisco Bay. Consequently, potentially complete exposure pathways exist to human and ecological

receptors that may come directly or indirectly in contact with surface or shallow soils and refuse within

the landfill. Chemicals dissolved in groundwater could adversely affect human health through

volatilization from shallow groundwater to the surface or through upgradient pumping and volatilization

during irrigation. Additionally, dissolved chemicals within the site that are under the influence of

migrating groundwater could reach aquatic ecological receptors as contaminated groundwater reaches the

surface water of the bay.

Step 2: Identify the Decisions

The following questions were formulated to guide decisions as to whether any portions of the soil or

groundwater within IR Site 1 should be evaluated for possible remedial actions in an FS:

• Do surface and shallow soils within the site contain elevated chemical levels related to

past Navy disposal practices that could have an adverse effect on human receptors?
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• Could chemicals in site groundwater have adverse effects on aquatic receptors in surface
waters?

• Could chemicals in site groundwater have adverse effects on human receptors?

Step 3: Identify Inputs to the Decisions

Validated chemical data for site groundwater and soil and groundwater level measurements were used to

address the principal questions listed above. Analytical results for specific chemicals within all the major

chemical groups, including TPH, VOCs, SVOCs, pesticides, metals, and PCBs, were used to adequately

define the extent of COPCs in site groundwater and soil. Furthermore, national AWQC, human health

PRGs, and ecological screening values were used for comparison purposes. Parameters such as soil

density, moisture content, and permeability were analyzed as part of the geotechnical assessment of the

site, whose results could be used during the FS for remedial action design.

Step 4: Define the Study Boundaries

Numerous soil and groundwater sampleswere collected from IR Site 1 between 1990and 1998 as part of

the RI. Sampling locations were selected based on limited historical disposal information and on aerial

photographs that indicated the landfill's perimeter. Shallow soil samples were collected within and

outside the landfill to assess the extent of soil contamination. Groundwater samples were collected

primarily outside of the landfill to define upgradient and downgradient chemical concentrations.

Additionally, results of investigations conducted prior to RI activities and data for existing monitoring

wells were used to select RI soil and groundwater sampling locations. The SWBZ was the vertical

boundary for the RI. Groundwater samples were collected and groundwater levels were measured

quarterly at some wells to identify potential seasonal patterns in groundwater flow and chemical

concentrations.

Step 5: Develop Decision Rules

The following decision rules were developed for the questions identified in Step 2:

• If shallow soil in the landfill contains chemicals related to past Navy disposal practices,
potential risks to human health and the environment may exist.
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• If site groundwater contains chemicals related to past Navy disposal practices, potential
risks to aquatic organisms may be associated with groundwater that reaches surface
waters.

• If site groundwater contains chemicals related to past Navy disposal practices, potential
risks to human receptors may be associated with volatilization pathways.

If an unacceptable level of human health or ecological risk is found to exist at the site, the investigation

will proceed into an FS in which potential remedial activities will be identified and evaluated.

Step 6: Specify Limits on Decision Error

RI activities were initiated before EPA's adoption of the DQO process. Therefore, limits on decision

error were not developed. However, standardized sampling techniques, analytical methods, and QA/QC

procedures were used to ensure that high-quality data would be generated. Such data would minimize the

chances of making a decision error that would identify the site as being contaminated, when in reality it is

not contaminated.

Step 7: Optimize the Sampling Design

Following the initial soil and groundwater sampling, the sampling design was optimized to fill data gaps

as they were identified.

6.6.1.2 Soil Investigation

The purposes of the IR Site 1 soil investigation conducted during Phases 1 and 2A, Phases 5 and 6, and

the follow-on investigation were to characterize lithology and define the vertical and lateral extent of soil

contamination. Tables 6-11 and 6-12 present information on each surface and subsurface soil sample

collected at the site. Appendix A includes soil boring lithology and CPT logs. Table 6-13 summarizes

geotechnical analyses conducted on soil samples collected from the IR Site 1 inside and outside

boundaries. Chemical analyses were performed on soil samples collected from surface locations, soil

borings, monitoring well borings, and CPT locations shown :in Figure 6-11. A total of 110 surface soil

samples were collected within the IR Site 1 inside and outside boundaries. A total of 115 subsurface soil

samples were collected within the IR Site 1 inside and outside boundaries. Of these, 25 subsurface soil

samples were collected from soil borings, and 80 subsurface soil samples (including 19 duplicates) were

collected from monitoring well borings. One soil sample was collected from each of 10 CPT locations.
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A subset of the soil samples was used to determine background levels of metals in soil; these background

samples are discussed in Appendix B, and the sampling locations are shown in Figure 2-19. Results for

background sampling locations were not considered to be part of the IR Site 1 data set. The surface and

subsurface soil samples were selectively analyzed for VOCs, SVOCs, TPH-P, TPH-E, total recoverable

petroleum hydrocarbons (TRPH), oil and grease, pesticides/PCBs, radionuclides, dioxins, pH, total

organic carbon (TOC), general chemistry parameters, and percent moisture. Analyses for samples were

selected based on suspected disposal activities and possible contaminant releases to soil.

6.6.1.3 Groundwater Investigation

Groundwater investigations at IR Site 1 were conducted during Phases 5 and 6 and the follow-on

investigation. Activities included monitoring well installation and groundwater sampling, as well as

HydroPunch®groundwater sampling. Figure 6-11 shows the monitoring well and HydroPunch®sampling

. locations. A total of 25 shallow and 8 deep monitoring wells were installed within the inside and outside

boundaries of IR Site 1. Table 6-14 provides construction details on the 33 monitoring wells installed at

the site. Fifteen HydroPunch®locations, all lying within the outside boundary area, were investigated.

Groundwater samples were collected from the monitoring wells during four quarterly monitoring periods

during Phases 5 and 6 and during the follow-on investigation. Phase 5 and 6 quarterly sampling was

performed in June 1991, September 1991,January 1992,and !March1992. The quarterly sampling

periods for the follow-on investigation were October 1994,J_muary1995, May 1995,and July 1995.

Subsequently, selected wells were sampled over four quarters during 1997 and 1998. Groundwater

monitoring wells selected for sampling during 1997 and 1998were limited to the wells in the vicinity of a

solvent plume located near the former aircraft engine and parts storage area in the western part of IR

Site 1.

Table 6-15 provides information on each groundwater sample collected at the site. Groundwater samples

were selectively analyzed for VOCs, SVOCs, dissolved metals, cyanide, pesticides/PCBs, TRPH,

radionuclides, and general chemistry parameters. HydroPunch®samples were selectively analyzed for

VOCs, SVOCs, dissolved metals, sulfides, and general chemistry parameters. Analyses for samples were

selected based on suspected disposal activities and possible releases to groundwater
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6.6.2 Remedial Investigation Results

This sectionpresents information on the IR Site 1 geology and hydrogeology derived from RI activities

and discusses ILlanalytical results.

6.6.2.1 Geology

Information on the IR Site 1 geology is based on geotechnical samples collected from soil borings, logs of

soil and monitoring well borings, and lithologic soundings in the western region of Alameda Point in the

vicinity of IR Site 1. Soil and monitoring well boring logs and lithologic soundings are presented in

Appendix A. Soil geotechnical data results are presented in Appendix G.

Figures 6-12 and 6-13 provide geologic cross sections of IR Site 1. The five geologic units identified at

the site are the artificial fill, BSU, Merritt Sand Formation, Upper San Antonio Formation, and Lower

San Antonio Formation (Yerba Buena Mud). The center of a paleochannel that trends from northeast to

west across the installation (Figure 2-9) passes between IR Sites I and 2. However, the paleochannel is of

sufficient width to have removed the Merritt Sand and Upper San Antonio Formations from the southern

portion of IR Site 1. The artificial fill is the uppermost geologic unit at IR Site 1 and overlies a

continuous layer of Bay Sediments (Figures 6-12 and 6-13). The Merritt Sand Formation and the Upper

San Antonio Formation are present in the northern portion of IR Site 1, but they pinch out at the southern

portion of IR Site 1 where the paleochannel has removed the two units. In the southern portion of IR Site

1,the Bay Sediments are in direct contact with the underlying lower San Antonio Formation (¥erba

Buena Mud). The following text describes each geologic unit at IR Site 1.

Artificial Fill. The artificial fill is a continuous layer throughout IR Site 1. The surface of the fill atIR

Site 1 ranges from the ground surface to 12 feet bgs; the thickest part of the fill is in the western and

northwestern portions of the site, and the thinnest part is at the eastern and northern boundary of the site.

The contact of the fill and the underlying Bay Sediments at IR Site 1 is distinguished by sand overlying

clay and silt; a change in the color of the soil; and increased organic material, shells, and debris within the

fill. The dominant fill soil type at IR Site 1 is poorly to well-graded sand (SP to SW) that is yellowish

brown, grayish brown, brown, black, and gray; fine to medium-grained; and loose to dense. A few soil

borings show that the fill at IR Site 1 also consists of (1) lenses of clayey gravel (GC) and sandy gravel

(GW) that are yellowish brown, brown, black, and gray; medium- to coarse-grained; and loose to dense;
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(2) silty sand (SM) and clayey sand (SC) that are yellowish brown, brown, and black; fine- to medium-

grained; and loose to dense; and (3) clay (CL) and silt (ML) that are gray, brown, and black and are soft ,_

to medium-stiff.

Aerial photographic evidence and trace shell and clay fragments found throughout the fill indicate that the

hydraulic fill was derived from nearby dredging activities. In the western portion of IR Site 1, refuse has

been buried in the fill. At these locations, the fill contains gravel, concrete rubble, asphaltic material,

glass shards, and municipal and industrial wastes. Isolated fill locations at IR Site 1 also contained shells,

brick, concrete, charred wood, glass, metal, paper, wire, and tar-like material.

BSU. The BSU is a continuous layer throughout IR Site 1. The thickness of the BSU at IR Site 1 ranges

from 7 to 67 feet, with the thickest part in the southwestern portion of the site. The BSU is in direct

contact with the underlying Merritt Sand in the northern portion of IR Site 1 and is in direct contact with

the underlying Lower San Antonio Formation (Yerba Buena Mud) immediately south of IR Site 1. The

contact of the BSU and Merritt Sand at IR Site 1 is distinguished by a change in the color of the soil and

by shells within the BSU. The contact of the BSU and the Lower San Antonio Formation (Yerba Buena

Mud) at IR Site 1 is distinguished by sand overlying clay and by a change in the color of the soil.

At IR Site 1, the shallow portion of the BSU is predominantly clay (CL) and silt (ML), and the deep

portion is predominantly poorly graded sand (SP). The clay and silt are black, olive gray, green gray, and

gray and are soft to medium-stiff. The poorly graded sand is .gray, olive gray, and green gray; very fine-

to fine-grained; and loose to dense. The shallow portion of the BSU also consists of lenses of silty sand

(SM) and clayey sand (SC) that are gray, very fine- to fine-grained, and loose to medium-dense. The clay

of the shallow portion of the BSU beneath IR Site 1 commonly contains shells, while the sand of the

deeper portion of the BSU rarely contains shells.

Merritt Sand Formation. The Merritt Sand Formation is a discontinuous layer at IR Site 1; it is present

in the northern portion of the site but absent in the southern portion. The depth of the Merritt Sand

Formation at IR Site 1 ranges from approximately 25 to 70 feet bgs. The Merritt Sand is thickest along

the northern boundary of IR Site 1 and thins toward the center of the site, where it pinches out along

northeast to west trending paleochannel. The Merritt Sand Formation is in direct contact with the

underlying Upper San Antonio Formation in the northern portion of IR Site 1. The contact of the Merritt

Sand and Upper San Antonio Formations at IR Site 1 is distinguished by a change in the color of the soil.
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The dominant Merritt Sand soil types at IR Site 1 are poorly graded sand (SP) and silty sand (SM) that are

yellowish brown, olive brown, olive yellow, grayish brown, orange brown, and brown; very fine- to

medium-grained; and loose to dense.

Upper San Antonio Formation and Lower San Antonio Formation (Yerba Buena Mud). The Upper

San Antonio Formation is a discontinuous layer at IR Site 1; it is present in the northern portion of the site

but absent in the southern portion. The depth of the Upper San Antonio Formation at IR Site 1 is

approximately 70 to 80 feet bgs. The Upper San Antonio Formation is thickest along the northern

boundary of the site and thins toward the center of the site where it pinches out along a the northeast to

west trending paleochannel. The Lower San Antonio Formation (Yerba Buena Mud) is a continuous

stratigraphic unit lying at a depth of 80 to 90 feet bgs at IR Site 1. The Yerba Buena Mud is the regional

aquitard at Alameda Point, separating saline groundwater from fresh groundwater in the underlying

Alameda aquifer.

The contact of the Upper San Antonio Formation and underlying Lower San Antonio Formation (Yerba

Buena Mud) at IR Site 1 is distinguished by sand overlying clay and by a change in the color of the soil.

The dominant Upper San Antonio Formation soil type at IR Site 1 is poorly-graded sand (SP) that is olive

gray and gray, fine-grained, and dense. The dominant Lower San Antonio Formation (Yerba Buena

Mud) soil types at the site are silty clay and clay (CL) that are gray green, brown gray, olive gray, black,

and gray and are stiff. The Lower San Antonio Formation (Yerba Buena Mud) at the site consists of

minor lenses of poorly-graded sand (SP) that are gray, fine-grained, and dense. The Lower San Antonio

Formation (Yerba Buena Mud) at IR Site 1 rarely contains root fragments.

6.6.2.2 Hydrogeology

Four hydrogeologic units were identified beneath IR Site 1: the FWBZ, BSU, SWBZ, and Yerba Buena

Mud aquitard. The FWBZ is unconfined and composed of artificial fill material. At locations where the

upper portion of the BSU contains silty and clayey sand layers, the FWBZL may extend into the BSU.

The clayey portion of the BSU is not found in the area northeast of IR Site 1. The hydraulic separation

between the two water-bearing zones may be incomplete in areas where the clayey portion of the BSU is

not found. The SWBZ is confined and composed of the lower portion of the BSU, the Merritt Sand

Formation, and the upper unit of the San Antonio Formation. The Merritt Sand Formation and the Upper

San Antonio Formation are not laterally continuous at IR Site',1. However, the lower portion of the BSU,

which primarily consists of poorly graded sand, forms the SWBZ where the Merritt Sand Formation and
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the Upper San Antonio Formation are absent. The SWBZ is underlain by the Yerba Buena Mud aquitard,

which is approximately 70 to 90 feet thick and continuous throughout the entire installation. The Yerba

Buena Mud aquitard is believed to be an effective hydraulic barrier between the SWBZ and the

underlying Alameda Formation.

An aquifer test was conducted at IR Site 1 in April 1996(PRC 1996e). The pumping well (M-0l-P) and

six observation wells (P-01-1, P-01-2, P-01-3, M031-A, M031-C, and M027-E) were located in the

southern portion of IR Site 1. The depth to groundwater at the start of the test was 2.4 feet. The

maximum observed drawdown at the pumping well was 14.6 feet at a pumping rate of 11.5 gpm. Based

on an analysis of the drawdown curves using three different analytical methods, the transmissivity ranges

from 0.22 to 0.65 square foot per minute (ft2/min)with an average of 0.34 ft2/min. The storativity ranges

from 0.0013 to 0.0026 with an average of 0.0018. The average specific yield is 0.05. Analysis of the

drawdown curves also indicates that the FWBZ recharged from the underlying BSU during the test.

Hydraulic conductivity values were determined for the FWBZ (fill material) and BSU from slug tests and

geotechnical samples. Slug test hydraulic conductivity values for the FWBZ ranged from 1.0E-03 to

3.7E-03 feet per minute (ft/min), and slug test values for the SWBZ ranged from 1.5E-03 to 2.4E-03

ft/min. Slug test results are included in Appendix G. Vertical permeability tests were conducted on six

geotechnical samples from the Bay Sediments. Vertical permeability for the BSU ranged from 8.3E-09 to

9.0E-08 ft/min. Appendix G also includes the geotechnical data collected for the site, and Table 6-16

summarizes the geotechnical data.

A total of 24 monitoring wells at IR Site 1 are screened in the FWBZ, 1 is screened in the BSU, and 8 are

screened in the SWBZ (see Table 6-15). During monitoring well installation, groundwater was

encountered between 3.8 and 11.4 feet bgs. A tidal influence study was conducted at IR Site 1 wells in

1992to determine the effects of bay water intrusion (PRC and MW 1993a). Twelve of the 33 monitoring

wells installed at the site were not tidally influenced. These 12 monitoring wells were all screened in the

FWBZ. Although most of these wells were along the shoreline, the presence of the sunken barges along

the northwest edge of the site apparently dissipated the tidal fluctuations. In monitoring wells upgradient

of the sunken barges, groundwater elevations varied from 0.11 to 0.26 foot. In monitoring wells along

the shoreline where sunken barges were not present, groundwater elevations varied from 1.24to 3.06 feet.

The response (tidal dampening and lag) at each of the FWBZ wells to the tidal fluctuations in the bay

was relatively uniform (PRC and MW 1993a). This relatively uniform response along the length of the

shoreline results in short-term temporal changes in the magnitude of the gradient, but the flow directions
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are not impacted. Therefore, it is not anticipated that flushing of landfill material would occur as a result

of tidal fluctuations in the bay. Solvent plume movement at IR Site 1 is also not tidally infuenced.

All the SWBZ monitoring wells were tidally influenced. The SWBZ is confined, and thus water level

fluctuations are caused by pressure changes from tidal rise and fall. These pressure changes propagate

throughout the confined zone much more quickly than the fluctuations in the FWBZ, which are caused by

inflow and drainage of water within the pores.

Potentiometric surface maps based on April 1998 groundwater elevation data are provided in Figures 2-

14athrough 2-14f. These potentiomentric maps represent the tidally averaged groundwater hydraulic

gradient. Historical groundwater elevation data are provided in Appendix H.

The groundwater flow characteristics at IR Site I (based on April 1998)data are summarized below.

Figure 6-11 shows the groundwater flow directions at IR Site 1.

Hydraulic Parameter FWBZU FWBZL
Flow Direction West toward the bay West toward the bay
Horizontal Hydraulic Gradient (ft/ft) 0.003 to 0.013 0.002 to 0.007
Estimated Horizontal Flow Velocity (ft/yr) 24 to 127 4.2 to 21.3
Average Vertical Hydraulic Gradient (ft/ft) 0.015 to 0.0:54(down between FWBZU and FWBZL)

0.018 to 0.060 (down between FWBZU and SWBZL)

The horizontal flow velocity was estimated based on an effective porosity of 0.30 for medium and poorly

graded sands in the FWBZU and 0.35 for silty sands in the FWBZL. The groundwater generally moves

to the west and north toward San Francisco Bay and the Oakland Inner Harbor in each of the

hydrogeologic units. Hydraulic gradients and flow velocities are generally highest in the FWBZU but are

variable because of local groundwater recharge (infiltration) effects. The velocities are highest in the

FWBZU because of the high recharge during the winter and spring seasons. Vertical gradients were

calculated for several well clusters using the April 1998 data. Vertical gradients between wells screened

in the FWBZU and FWBZL were generally downward and ranged from 0.015 to 0.054 foot per foot

(ft/ft). Vertical gradients between the FWBZU and SWBZL were downward and ranged from 0.018 to

0.060 ft/ft.

Hydraulic communication between the FWBZ and SWBZ is minimal because of the presence of the BSU.

The thickness of the BSU at the site varies from approximately 30 to 60 feet. Directly beneath IR Site 1,

the BSU acts as a flow barrier between the FWBZ and SWBZ by limiting vertical groundwater flux. The
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lack of significant hydraulic communication between the FWBZ and SWBZ is also indicated by the low

vertical permeability values in the BSU (6.2E-09 to 9.0E-08 ft/min). The aquifer test conducted at IR

Site 1 showed minimal or no response in the SWBZ while the FWBZ was being pumped. The maximum

drawdown observed in a SWBZ monitoring well (M031-(2) was 0.42 foot. Localized communication

may occur between the two water-bearing zones in areas northeast of IR Site 1 where the clayey portion

of the BSU is not found. Continuous (preferential) flow paths in relatively high-conductivity clayey

sands interbedded within the clays of the Bay Sediments may allow transport of chemicals to the deeper

units (SWBZ).

6.6.2.3 Remedial Investigation Analytical Results

The RI analytical results discussed below are based on data presented in the "Phase 1 and 2A Data

Summary Report" (PRC and JMM 1993a), "SWAT and Data Summary Report for RIFFSPhases 5 and 6"

(PRC and MW 1993a), and "CTO No. 280 RI/FS Data Transmittal Memorandum" (PRC and MW 1995).

Soil investigation results are discussed first, followed by a discussion of the groundwater investigation

results. Section 6.8 summarizes these findings and relates soil and groundwater contamination to possible

sources.

6.6.2.3.1 Soil Investigation Results

The distribution of chemicals detected in soil samples collected from IR Site 1 is discussed below.

Appendix I presents analytical data for all IR Site 1 soil samples. Samples listings in Appendix I

beginning with "YLLW" are part of the background determination data set. These data are not included

in the following discussion. Figure 2-19 shows the background sampling locations within the outside

boundary area.

Tables 6-17 through 6-22 summarize statistical data for soil samples collected within the inside and

outside boundaries of IR Site 1 at three soil depth intervals:

• Shallow (0 to less than 2 feet bgs)

• Intermediate (2 to 10 feet bgs)

• Deep (more than 10 feet bgs)
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Petroleum hydrocarbons, VOCs, SVOCs, pesticides, PCBs, radionuclides, and inorganic chemicals

(metals) were detected in soil samples collected from IR Site 1. The following discussion is organized

according to these chemical groups.

Figures cited in the following text show analytical data collected for an area much larger than the current

IR Site 1 (inside boundary area). The data shown for areas beyond the inner boundary area include all the

data collected within and adjacent to IR Site 1. Risk assessment calculations were performed using data

collected for the inside boundary area only.

Petroleum Hydrocarbons. Figures 6-14 and 6-15 show the sampling locations, sampling depths, and

corresponding concentrations for petroleum hydrocarbons detected in soil within and adjacent to IR Site

1. Soil samples were analyzed for TRPH during the Phase I and 2A and Phase 5 and 6 investigations and

for TPH-E and TPH-P during the follow-on investigation. TPH was detected only in the shallow and

intermediate soil intervals. TRPH and TPH-E (primarily as motor oil) were detected at several locations

throughout the inside and outside boundary areas oflR Site 1. The highest concentrations were detected

at sampling locations SS1-RA-03, M035-A, M027-C, M030-A, and M002-A, which are distributed across

the entire site. A single source for TPH could not be identified.

VOCs. Figures 6-14 and 6-15 show the sampling locations, :samplingdepths, and corresponding

concentrations for VOCs detected in soil within and adjacent to IR Site 1. Nine VOCs were detected in

soil samples collected from the site. Frequencies of detection within the inside boundary were less than

or equal to 20 percent. The highest VOC concentrations were detected in the intermediate soil interval.

Most of the VOCs were detected in soil samples collected from soil boring locations M028-C, M034-A,

M035-A, and M003-E. VOC concentrations detected in soil at the three depth intervals within the inside

and outside boundaries of IR Site 1 did not exceed PRGs.

SVOCs. Figures 6-16 and 6-17 show the sampling locations, sampling depths, and corresponding

concentrations for SVOCs detected in soil within and adjacent to IR Site 1. Several phthalate and PAH

SVOCs were detected in surface and subsurface soil samples. PAHs were the most frequently detected

SVOCs within the inside boundary area. The highest concentrations of PAHs were detected at sampling

location M028-A in the shallow soil interval. Several PAHs were detected at concentrations above

residential PRGs, primarily in the shallow and intermediate soil intervals, within the site inside and

outside boundaries. Phthalates were infrequently detected in soil samples from IR Site 1,and no

phthalate concentrations exceeded PRGs. Most of the SVOCs were detected in the shallow and
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intermediate depth intervals within the inside and outside boundaries of IR Site 1. Many SVOCs were

detected near the former aircraft engine and part storage area in the central and southern portion of the IR

Site 1 inside boundary.

Pesticides and PCBs. Figures 6-18 and 6-19 show the sampling locations, sampling depths, and

corresponding concentrations for pesticides and PCBs detected in soil within and adjacent to IR Site 1.

Pesticides and PCBs were detected throughout the inside and outside boundary areas of IR Site 1. The

highest concentrations of pesticides were detected in the northwestern portion of the site within the inside

boundary at sampling locations DA-1, M029-A, and M029-E. Pesticides were detected only within the

shallow and intermediate soil depth intervals of the inside boundary area and within the shallow soil

depth interval of the outside boundary area. Pesticide concentrations detected within the inside and

outside boundaries of IR Site 1 did not exceed PRGs. PCBs were detected within all three depth intervals

of the inside and outside boundary areas. The highest concentrations of PCBs were found in the shallow

soil depth interval at sampling locations M-1 and SS1-RA-01 in the northern portion of the inside

boundary area. PCBs were detected at concentrations above residential PRGs in the shallow and

intermediate soil intervals throughout the IR Site 1 inside and outside boundary areas.

Radionuclides. Figure 6-20 shows the sampling locations, sampling depths, and corresponding
concentrations for radionuclides detected in soil at IR Site 1. Radionuclides were detected in all three soil

depth intervals within the inside and outside boundary areas. However, no distribution pattern was

apparent for any of the radionuclides detected. The highest concentrations of radionuclides were detected

at the following sampling locations: the M028 cluster and M034-A within the inside boundary at all three

depth intervals, and M030-C and M002-A within the outside boundary at the shallow and intermediate

depth intervals.

Inorganic Chemicals. Figures 6-21 and 6-22 show the sampling locations, sampling depths, and

corresponding concentrations for metals detected in soil within and adjacent to IR Site 1. Metals were

detected in every soil sample collected from IR Site 1 within the inside and outside boundaries. In total,

14 metals were selected as COCs based on COC selection criteria discussed in Chapter 5. Several of

these COCs were detected in all the shallow soil samples collected at IR Site 1. Frequencies of detection

were similarly high in the intermediate and deep soil intervals. Other inorganic COCs were typically

detected at frequencies of 50 to 80 percent. A few metals were detected in less than 25 percent of the

samples collected. The highest concentrations of metals were detected in soil borings at sampling

locations DA-1, MOO1-A, M027-A, M028-E-old, and M029-A near the former burn area and aircraft

6-28



engine and part storage area. Concentrations of metals detected in the outside boundary area were

typically lower than concentrations detected in the inside boundary area. None of the inorganic COC

concentrations detected in samples collected from the outside boundary area exceeded PRGs except for

lead and cadmium concentrations at soil borings M030-C and SS 1-RA-08.

6.6.2.3.2 Groundwater Investigation Results

Three groundwater investigations were conducted at IR Site 1: (1) the SWAT investigation conducted in

1991and 1992(PRC and MW 1993a), (2) the follow-on investigation conducted in 1994 and 1995 (PRC

and MW 1995), and (3) the follow-on monitoring conducted in 1997 and 1998 (TtEMI 1998c). The

distribution of chemicals detected in IR Site 1 groundwater samples is discussed below. To aid in

presenting data, monitoring wells M025-A and M025-C and clusters M027, M028, M029, M001, and

M002 are designated as "shoreline" wells, and the remaining monitoring wells (M004-A, M033-A,

M03.4-A,M035-A, and cluster M030) associated with IR Site 1 are designated as "inland" wells. Data for

monitoring wells M003-E, M025-E, M026-A, M026-E, and M031-A are part of the background

determination data set and are not included in the following discussion.

TPH, VOCs, SVOCs, radionuclides, and inorganic chemicals were detected in IR Site 1 groundwater

samples. The following discussion is organized according to these chemical groups. Appendix I presents

analytical data for all IR Site 1 groundwater samples. Table 6-23 presents a statistical summary of the

HydroPunch®groundwater analytical data collected for the outside boundary area. Several tables

summarize data according to shoreline and inland wells and according to sampling period (prior to 1997

and in 1997 and 1998). Tables 6-24 and 6-25 provide statistical summaries of groundwater analytical data

collected prior to 1997 for the FWBZ and SWBZ shoreline monitoring wells. Tables 6-26 and 6-27

provide statistical summaries for groundwater analytical data collected in 1997 and 1998 for the FWBZ

and SWBZ shoreline monitoring wells. Tables 6-28 and 6-29 provide statistical summaries of

groundwater analytical data collected prior to 1997 for the FWBZ and SWBZ inland monitoring wells.

Table 6-30 provides a statistical summary of groundwater analytical data collected in 1997 and 1998 for

the FWBZ and SWBZ inland monitoring wells.

Four-quarter averaged groundwater concentrations from the 1994 and 1995 investigation were used to

represent groundwater concentrations on figures. This data set was used because it was the most recent

validated data collected over four complete quarters for the greatest number of wells at the site. Figures

6-23 and 6-24 present the four-quarter average concentrations of organic compounds and inorganic
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chemicals, respectively, in the FWBZ in 1994 and 1995. Figures 6-25 and 6-26 show organic and

inorganic chemicals detected in FWBZ groundwater samples collected beyond the outside boundary of IR

Site 1 for comparison purposes. Figure 6-27 presents the four-quarter average concentrations of organic

and inorganic chemicals detected in the SWBZ in 1994 and 1995. Figure 6-28 presents time-series plots

of the most frequently detected chemicals in groundwater at the site.

TPH. TRPH analyses were conducted only during the SWAT investigation in 1991 and 1992. TPH was

detected only in groundwater samples collected from the shoreline monitoring wells screened in the

FWBZ. These monitoring wells included M001-A, MOOl-E, M025-A, M028-E, M028-E-old, and

M029-A. Concentrations were generally higher in wells where more than 25 percent of the samples had

detections. The highest concentrations were detected in monitoring well M029-A, which is near the

former oil sump. No TRPH was detected in groundwater samples collected from SWBZ monitoring

wells.

VOCs. Seventeen VOCs (primarily volatile aromatic hydrocarbons and chlorinated aromatic

hydrocarbons) were detected in groundwater samples collected from IR Site 1 monitoring wells. Samples

with detections were collected from HydroPunch ®locations and monitoring wells screened in the FWBZ

and SWBZ. Average concentrations of VOCs detected in the FWBZ are shown in Figure 6-23. VOCs

were detected in all monitoring wells along the western shoreline of IR Site 1, but the highest

concentrations were detected at the groundwater hot spot (wells M028-A, M028-E, and M034-A).

Most VOCs related to petroleum hydrocarbons were detected infrequently at the site (less than 10percent

detection frequency). Detection of BTEX compounds are shown in Figure 6-23. The distribution of

toluene and xylene in groundwater at IR Site 1 based on funnel-and-gate plume data and 1994 and 1995

RI data is presented in Figure 6-29. The highest BTEX concentrations were detected in samples collected

from the groundwater hot spot (wells M028-A, M028-E, and M034-A). The BTEX plume is apparently

migrating westward toward the bay. Figure 6-28 shows the variation in BTEX concentrations over time

in monitoring wells screened in the FWBZ. BTEX concentrations did not fluctuate significantly in most

of the monitoring wells. However, benzene concentrations in samples from M028-A varied from

nondetect to over 1,000pg/L. Benzene concentrations in M028-A decreased between 1991 and 1995,

increased from 1994 to 1997, and then decreased during the two sampling events in 1998. The data from

1997and 1998 show that low water periods (in November 1997 and May 1998) tend to increase the

detected concentrations of benzene and other analytes because a smaller water column is available to

"dilute" the samples. _t
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As with the BTEX compounds, the highest detected concentrations of chlorinated hydrocarbons in site

groundwater were in samples collected from the hot spot (wells M028-A, M028-E, and M034-A). The

chlorinated solvents detected at the highest concentrations were trichloroethene; 1,2-DCE (total); and

vinyl chloride. Figure 6-29 presents the plumes associated with 1,2-DCE based on funnel-and-gate plume

data and 1994 and 1995 RI data. Trichloroethene was infrequently detected compared to 1,2-DCE (total)

and vinyl chloride, probably because most of the trichloroethene has degraded to the less chlorinated

compounds. Sunken barges along the shoreline may impede groundwater discharge to the bay. This

conclusion is supported by the fact that the shoreline wells immediately east of the barges are not tidally

influenced. The barges potentially divert a portion of the plumes to the north and south along the

shoreline. In the cases of trichloroethene and 1,2-DCE (total), a second plume centered around

monitoring well M002-A apparently exists north of the current IR Site 1 boundary along the Oakland

Inner Harbor. Concentrations associated with this northern plume are much lower than those of the

plume centered around the hot spot.

Figure 6-28 shows the variation in 1,2-DCE;toluene; and xylene concentrations over time in IR Site 1

monitoring wells. VOC concentrations in samples collected fi'ommonitoring wells other than M028-A

and M028-E did not change significantly over time. Concentrations of 1,2-DCE (total) and vinyl chloride

appear to fluctuate seasonally in M028-A, while concentrations of 1,2-DCE(total) and vinyl chloride in

M028-E generally decreased between 1995and 1997. This observation may be attributed to the

shallower FWBZ well (M028-A) being influenced by seasonal groundwater elevation changes to a greater

degree than the deeper (M028-E) well. The lower concentrations in M028-E in 1997 and 1998may

indicate that degradation of chlorinated compounds is occurring. Concentrations of other detected VOCs

generally remained unchanged over time.

The funnel-and-gate pilot-scale groundwater treatment system (see Appendix K) designed to treat BTEX

compounds and chlorinated hydrocarbons is approximately 75 feet east of the M028 well cluster. The

plumes are migrating westward toward the bay; however, portions of the plume upgradient of the funnel-

and-gate system are intercepted and treated by the funnel and gate. Data collected for the funnel-and-gate

demonstration indicate that the treatment barrier is effectively reducing concentrations entering the

remedial gate (TtEMI 1998c). However, high concentrations of the chlorinated hydrocarbons were

detected in samples from the M028 well cluster. A possible explanation for this observation is that the

chlorinated hydrocarbon plume exists beyond the current width of the funnel, allowing the compounds to

migrate around the funnel-and-gate system. Alternatively, localized source areas near the M028 well
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cluster may be present downgradient of the funnel-and-gate system. Funnel-and-gate treatability data for

IR Site 1 will be used to evaluate the technology in the FS.

Figure 6-27 presents the four-quarter average concentrations of VOCs detected in monitoring wells

screened in the SWBZ. The VOCs in the SWBZ were detected at much lower concentrations and lower

frequencies than those in the FWBZ. Most of the VOCs were detected in samples from monitoring wells

M025-C, M028-C, M027-C, M030-C, and M031-C. BTEX compounds were detected in M028-C.

SVOCs. A total of 23 SVOCs were detected in groundwater samples collected in shoreline and inland

monitoring wells. Most of the SVOCs detected were PAHs; other SVOCs detected include phthalates and

phenols. The distribution of SVOCs detected in the FWBZ is shown in Figure 6-23.

Naphthalene; 2,4-dimethylphenol; and 2-methylphenol were the most widely distributed SVOCs detected

in the FWBZ, with the highest concentrations centered around the hot spot (wells M028-A, M028-E, and

MO34-A). The distribution of 2,4-dimethylphenol at IR Site 1 is presented in Figure 6-30. The 2,4-

dimethylphenol plume appears to be migrating westward toward the bay. As Figure 6-28 shows 2,4-

dimethylphenol and 2-methylphenol concentrations did not fluctuate significantly over time.

The only SVOCs detected in the SWBZ were phenol in monitoring well M003-B and isophorone at

HydroPunch®locations HP 1-5-Dand HP1-11-D. These sampling locations are within the outside

boundary, and the average chemical concentrations did not exceed PRGs.

Radionuclides, Groundwater samples from monitoring wells around IR Site 1 were analyzed for gross

alpha, gross beta, radium 226, and radium 228. The distribution of radionuclides in the FWBZ and

SWBZ is presented in Figures 6-31 and 6-32, respectively. Groundwater samples were not analyzed for

radionuclides in 1997 and 1998. At least one of the radionuclides was detected in samples from each of

the monitoring wells in both the FWBZ and SWBZ. The most frequently detected radionuclides in the

FWBZ shoreline monitoring wells were gross beta and radium 226. Concentrations of radionuclides

generally remained steady or decreased slightly between the 1991 and 1994 rounds of sampling; however,

no temporal trends were apparent during either of the individual sampling quarters. The most frequently

detected radionuclides in the SWBZ shoreline monitoring wells were gross beta and radium 226. Radium

226 was detected in all 12 of the samples collected from SWBZ inland monitoring wells. Gross beta

concentrations in monitoring well M003-B increased significantly between 1991 and 1994.
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Inorganic Chemicals. Twenty-four metals and cyanide were, detected in groundwater samples collected

from IR Site 1. However, other than the essential nutrients (calcium, iron, magnesium, potassium, and

sodium), most of the metals were detected infrequently in groundwater samples. Metal concentrations

detected in samples from the shoreline and inland wells were similar. Differences in metal concentrations

detected in samples collected from the FWBZ and SWBZ were also minor, although the maximum

concentrations for most of the metals were detected in samples from the SWBZ. Figures 6-24 and 6-27

show the 1994 and 1995 four-quarter average concentrations of inorganics in the FWBZ and SWBZ,

respectively.

6.7 RISK ASSESSMENT SUMMARY

This section describes the risks (1) to human health posed by chemicals detected in soil and groundwater

and (2) to the environment posed by chemicals detected in groundwater at IR Site 1.

6.7.1 Human Health Risk Assessment Results

The recreational and occupational exposure scenarios were selected for evaluation for IR Site 1 based on

the reuse plan and constraints on landfill development. The HHRA focused on direct contact soil

exposure pathways. Human ingestion of groundwater was not considered in the HHRA because the Navy

determined that groundwater in the area of IR Site 1 is not potable. The technical basis for this

determination is summarized in the "Determination of the Beneficial Uses of Groundwater" (TtEMI

1998). Additionally, the San Francisco RWQCB Groundwater Committee has proposed to de-designate a

portion of East Bay Plain groundwater, which includes OU-3 groundwater for municipal use. Because

OU-3 groundwater has been determined to be nonpotable, MCLs do not apply.

Groundwater beneath IR Site 1 flows into the bay, so groundwater migration and subsequent use

downgradient of IR Site 1 were not issues in the HHRA. However, it is possible that groundwater may be

pumped from a well upgradient of IR Site 1. The HHRA evaluated potential exposures related to

groundwater pumped from a well upgradient of Site 1 and used for irrigation. Carcinogenic risks for an

occupational receptor irrigation scenario were less than 1.0E-06,and the HI was less than 1. The HHRA

also evaluated potential exposures to VOCs migrating from the FWBZ through the vadose zone to

ambient air. The total risk and HI posed to occupational or recreational receptors by potential exposure

through inhalation of VOCs migrating from the FWBZ to ambient air were less than 1.0E-06 and 1,

respectively.
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The HHRA focused on the following exposure pathways: soil ingestion, dermal contact with soil,

inhalation of particulates and VOCs from soil, and inhalation of vapors from groundwater through

(1) direct migration from the FWBZ through the vadose zone to ambient air and (2) release to ambient air

during irrigation. The evaluation of the groundwater exposure pathways was performed at a screening

level. For IR Site 1, external exposure to radionuclides was also evaluated. Appendix C presents the

detailed results of the HHRA for IR Site 1.

6.7.1.1 Nonradionuclide Risk Assessment Results

This section presents the risksand His for occupational and recreational receptors from contact with

nonradionuclide COCs in surface soil at IR Site 1.

Occupational Receptor. The total carcinogenic risk for an occupational receptor associatedwith

nonradionuclides was 2.6E-5 using Navy RME assumptions and 2.8E-4 using DTSC RME assumptions,

as shown in Appendix C. The risk using Navy assumptions was attributable to the PAHs benzo(a)pyrene,

dibenzo(a,h)anthracene, benzo(a)anthracene, and benzo(b)fluoranthene; the PCBs Aroclor-1254 and

Aroclor-1260; and chromium. The distribution of benzo(a)pyrene, Aroclor-1260, and chromium is

shown in Figures 6-16, 6-18, and 6-21, respectively. Using DTSC assumptions, the same chemicals

posed most of the risk. The PAHs and PCBs were the major contributors to total risk through the dermal

contact and soil ingestion exposure pathways, while chromium posed 99 percent of the risk via particulate

inhalation. The major differences the between Navy and DTSC risk estimates involved the dermal

exposure pathway (because of methodological differences) and the inhalation pathway (because of the

DTSC inhalation CSFs for PAHs and chromium). However, using DTSC assumptions, the dermal

exposure pathway posed more risk than the soil ingestion and inhalation pathways combined. Soil

ingestion posed the greatest risk using Navy assumptions. Additionally, the HHRA assumed that all

chromium was hexavalent (the carcinogenic form), although there is no reason to believe that it is entirely

hexavalent; for this reason, the inhalation risks are likely overestimated.

Average occupational risks were 3.9E-6 using Navy assumptions and 1.6E-5using DTSC assumptions.

Again, the differences in the risk estimates were due to the dermal exposure pathway methodologies and

the DTSC inhalation CSFs for PAHs and chromium. All His for the occupational receptor were far less

than 1. RME His were 0.09 and 0.24 using Navy and DTSC assumptions, respectively. Average His

were below 0.1.
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Recreational Receptor. Total RME risks for the recreational receptor were slightly higher than the

occupational receptor risk estimates, as shown in Appendix C. Using Navy RME assumptions, the total

RME risk was 4.4E-5, attributable mostly to benzo(a)pyrene, dibenzo(a,h)anthracene,

benzo(a)anthracene, benzo(a)fluoranthene, indeno(1,2,3-c,d)pyrene, Aroclor-1254, Aroclor-1260, and

chromium. These chemicals were also the major contributors to the DTSC total RME risk of 4.9E-4. The

major differences between the Navy and DTSC risk estimates were due to the dermal exposure pathway

methodologies and the DTSC inhalation CSFs for chromium and PAHs. The average total risks were

2.5E-6 using Navy assumptions and 8.6E-6 using DTSC assumptions.

All His were less than 1. RME His were 0.095 and 0.42 using Navy and DTSC assumptions,

respectively. Average His were 0.019 and 0.025 using Navy and DTSC assumptions, respectively. The

His were mostly associated with Aroclor-1254 and inorganic chemicals.

Lead Assessment. Lead was selected as a COC for the inside boundary area and was evaluated using the

DTSC physiologically based biokinetic uptake model. The model results indicated that even under

residential exposure assumptions, adults and children would have blood lead levels below the Center for

Disease Control's level of concern of 10 micrograms per deciliter (_tg/dL). Pica children in the 50th

percentile of exposure or above would likely have blood lead levels in excess of 10pg/dL from exposure

to IR Site 1 under residential exposure conditions. However.,because IR Site 1 is not a future residential

area, the blood lead level estimates for all receptors overestimate what could be expected under

recreational and occupational exposures. Lead does not pose a risk at this site. Results of the lead

assessment are presented in Appendix C.

6.7.1.2 Radionuclide Risk Assessment Results

Radium 226 and radium 228 were detected in surface soil within the IR Site 1 boundary. The

distribution of radium 226 detected in shallow soils is shown in Figure 6-20. The radionuclide risk

assessment is presented separately herein because the calculations and toxicity values used were different

from those used for nonradionuclides. However, the risks posed by nonradionuclides and radionuclides

may be added together if an overall risk total is needed. Cal/EPA does not have alternative toxicity

values for radionuclides; therefore, the risks are applicable under both Navy and DTSC assumptions.
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The three exposure pathways evaluated for radionuclides are soil ingestion, particulate inhalation, and

external exposure. External exposure is more encompassing than dermal exposure and does not rely on

exposed dermal surface area, absorption factors, or adherence', factors. Risks associated with radionuclide

exposure within the inside boundary area are presented in Appendix C. Only RME risks and doses were

calculated.

For the occupational receptor, the total RME risk peaked at 3 years, at 4.1E-5. External exposure was the

only factor presenting a risk greater than 1E-6. Results were similar for the recreational receptor, where

the total RME risk was 2.3E-5 at 3 years. Again, external exposure presented most of the risk.

The dose assessment for radium 226 and radium 228 for IR Site 1 also indicated that external exposure

was the major contributor to overall dose. DCFs for the isotopes and daughter products were used to

provide a conservative dose estimate. Assuming a uniform concentration of radium isotopes over the top

15 centimeters of soil, the highest RME occupational dose was estimated at 5.2 mrem per year, with

radium 226 contributing about 75 percent of the dose; this dose occurred at 3 years. The RME

recreational dose was estimated to be 2.1 mremper year at 3 years. Both dose estimates are below the

EPA limit of 15mrem per year for exposure to surface soils.

6.7.1.3 Summary

The radionuclide risks fall within the NCP acceptable carcinogenic risk limits of 1E-6 to 1E-4, and all His

are below the HI action level of 1.0. In addition, the radionuclide concentrations at the site are below the

EPA target levels of 5 pCi/g for surface soil and 15 pCi/g for subsurface soils (EPA 19970. Risks for

occupational and recreational receptors were outside the acceptable range of 1E-6 to 1E-4 using DTSC

RME assumptions; the risk values were calculated as 2.8E-4 and 4.9E-4, respectively. The total

carcinogenic risk from nonradionuclides for an occupational receptor is 2.6E-5 using Navy RME

assumptions and 2.8E-4 using DTSC RME assumptions. Future development of the site is limited to

construction that would not breach the integrity of the soil cover placed there in 1956.

6.7.2 Ecological Risk Assessment Results

IR Site 1 consists of unpaved, grassy fields except in the northeastern area of the site where Runway

13-31 ends. A two-lane road also passes along the western half of the site. The unpaved habitat is non-

native grassland. The dominant vegetation includes non-native annual grasses (Bromus spp.), foxtail

barley (Hordeum leporinum), common plantain (Plantago sp.), curly dock (Rumex crispus), Monterey
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pine (Pinus radiata), andjunipers (Juniperus sp.). Common mammals observed at the site include black-

tailed jackrabbits (Lepus cal(fornicus), the California ground squirrel (Citellus beecheyi), Botta's pocket

gopher (Thomomys bottae), the house mouse (Mus musculus), and domestic rabbits (Oryctolagus

cuniculus). Red tail hawks (Buteojamaicensis), northern harriers (Circus cyaneus), various gulls (Larus

spp.), great blue herons (Ardea herodias), Canada geese (Branta canadensis), red-winged blackbirds

(Agelaiusphoeniceus), and various shorebirds are also common. Table 5-5 summarizes the habitats and

animal species observed at IR Site 1 during site reconnaissance visits conducted in June 1995and spring

1997.

A landfill cap is proposed as part of the presumptive remedy for IR Site 1, as discussed in Appendix E.

This remedy assumes that all terrestrial habitat will be covered by the cap and that terrestrial fauna will

have no opportunity to contact contaminants that may be present under the cap. For this reason, a

terrestrial ERA was deemed unnecessary. The analysis presented herein deals with the potential for

contaminated groundwater from IR Site 1 to adversely affect the aquatic biota of San Francisco Bay west
of Alameda Point.

Recent surveys completed by the Port of Oakland (Entrix Inc. 1997) describe the area west of Alameda

Point (the Western Bayside) as "beach, intertidal soft substrate habitat" and the areas further west as

"open water." Water column species (in their approximate order of abundance) include surf smelt

(Hypomesuspretiosus), topsmelt (Atherinops aJfinis), shiner perch (Cymatogaster aggregata), speckled

sanddab (Citharichthysstigmaeus), English sole (Parophrys vetulus), northern anchovy (Engraulis

mordax), bay pipefish (Sygnathus leptorhynchus), and bay goby (Lepidogobius lepidus). Black shrimp

are also seasonally abundant. Benthic invertebrates found include Allorchestes angusta, Eohaustorius

washingtonianus, and Polydora kempi. Common aquatic bird species found in the area west of IR Site 1

include the double-crested cormorant (Phalocrocorax auritis), western gull (Larus occidentalis), surf

scoter (Melanitta perspicillata), western grebe (Aechmophorus occidentalis), pied-billed grebe

(Podilymbus podiceps), common loon (Gavia immer), willet (Catoptrophorus semipalmatus), and least

sandpiper (Calidris minutilla) (Entrix Inc. 1997).

Ecological COPCs were determined based on criteria discussed in Chapter 5. The primary reference

comparison criteria were background concentrations of chemicals in groundwater and the National

AWQC (EPA 1986b and RWQCB 1998b). These criteria are published for water quality protection

programs across the nation. Emphasis was placed on comparing groundwater concentrations to chronic

reference values because such values are more protective of aquatic receptors. Where neither background
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concentrations nor AWQCs were available, various secondary reference criteria were used, including

LOELs published in the professional literature. Generally, chemicals without AWQCs have not been

identified as priority pollutants, and toxicity information is not available because the chemicals are

considered relatively nontoxic at most environmental exposure concentrations.

Secondary reference criteria were drawn from a variety of sources published in the professional literature

and applied in other EPA regions. Compilations of these criteria have been published by Suter and Tsao

(1996), and Efroymson and others (1997). In some cases where AWQCs had not been established

because of lack of data, secondary reference criteria were derived using the methodologies specified by

EPA in promulgating AWQCs. For example, AWQCs require that a certain number of data sets

representing various trophic categories such as fish, aquatic invertebrates, and amphibians be available.

Some secondary values were derived from fewer studies than required by minimum EPA standards.

While AWQCs have a statistical confidence level of 90 percent (protect 90 percent of the organisms),

secondary reference values derived from fewer studies may have only an 80 percent statistical confidence

level, For the purposes of the screening level ERA, the Navy believes that these values were derived

using criteria and methods that are scientifically valid and that incorporated as many data sets as were

available in the scientific literature. The methods have been peer-reviewed and have been accepted by

EPA Region 4, the Great Lakes regulatory agencies, and Oak Ridge National Laboratories. For the

screening level ERA, a tiered selection process was used wherein criteria with high levels of certainty

(AWQCs) were applied first and reference values with higher levels of uncertainty (such as secondary

reference values) were applied sequentially for those chemicals having no AWQCs.

As described in Chapter 5, ecological COPCs were determined based on comparisons to essential

nutrients, background concentrations, and AWQCs. Following the practice of NOAA, chemical

concentrations were divided by I0 to account for the dilution and attenuation expected as a result of

groundwater moving to surface water. If the maximum concentration of a chemical exceeded the

background level or AWQCs, the chemical was considered to be an ecological COPC, and further

analysis was performed. For compounds without AWQC reference values, a modified HQ analysis was

performed using the estimated exposure divided by a threshold reference value. The concentration of the

ecological COPC associated with the estimated exposure was either the maximum concentration divided

by 10or the 95 UCL divided by 10,whichever was less. The reason for using the lower value is that a 95

UCL value can be much higher than the maximum detected concentration in cases where one or more

samples are reported as nondetects at a high concentration.
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The maximum concentrations and 95 UCLs of groundwater constituents in Area A (outside the

_V' groundwater hot spot) and Area B (the groundwater hot spot) are presented in Tables 6-31 (a) and

6-31 (b), respectively. The tables show the number of samples collected, detection frequencies,

maximum detected concentrations, and mean and standard deviations of the analytical results. The 80

LCL/95 values for background concentrations in groundwater are listed as well as the AWQCs, if

available. Where AWQC are not available, secondary reference values and the sources of those values

are provided. LOELs are also listed for chemicals for which they are available. Metals and inorganic

chemicals, radionuclides, VOCs, SVOCs, PAHs, and TPH were detected in groundwater beneath IR Site

1. Only dissolved metals were used for ecological screening.

6.7.2.1 Ecological Risk Assessment Results for Area A (Outside the Groundwater
Hot Spot)

Area A ERA results indicatethat no ecological risk exists for aquatic organisms outside the groundwater

'hot spot. A summary of the data and ecological screening criteria used in the ERA is presented in Table

6-31 (a). As shown in Table 5-7(a), a total of 34 constituents in Area A were determined to be ecological

COPCs because AWQC were exceeded or because no relevant AWQC were available. Of these COPCs,

two were eliminated from consideration because 10 percent of the maximum concentration was less than

the AWQC. HQ calculations conducted for 23 COPCs for which secondary screening criteria were

available are presented in Table 32(a). Twenty-one COPCs were eliminated from consideration based on

the HQ analysis. Carbazole was eliminated as a COPCbecause its maximum value divided by 10 was

below the calculated NOEL (the acute LOEL divided by 100). ERA results for Area A are presented in

Table 6-33(a). The following two constituents were determined to be COCs because their HQs exceeded

1:

• Barium

• Bis(2-ethylhexyl)phthalate

The following eight constituents could not be eliminated as COPCsbecause relevant ecological screening

criteria were unavailable:

• 4-Methylphenol
• Anthracene
• Fluorene
• Vinyl chloride
• Gross alpha radiation
• Gross beta radiation
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• Radium 226
• Radium 228

Ecological COCs and remaining ecological COPCs for Area A are discussed below in terms of whether

their detected concentrations could have adverse impacts on aquatic biota.

Barium was detected in 50 of 54 groundwater samples collected in Area A. According to EPA, the

soluble barium concentration in fresh and marine water would generally have to exceed 50 mg/L before

toxicity to aquatic life would be expected (EPA 1986b). In rftostnatural waters, sufficient sulfate or

carbonate is present to precipitate the barium in the water as _,virtually insoluble, nontoxic compound

(EPA 1986b). Based on this evaluation, barium is not considered to pose an ecological risk.

Bis(2-ethylhexyl)phthalate was detected in only 2 of 50 groundwater samples collected within Area A

and is a common laboratory contaminant; therefore, this compound is not believed to pose an ecological

risk to aquatic receptors. 4-methylphenol was detected in 1 of 50 samples, anthracenewas detected in 3

of 50 samples, fluorene was detected in 12 of 50 samples, and vinyl chloride was detected in 9 of 58

samples. These low frequencies of detection and the fact that no reference values are available for these

COPCs indicate that they pose no risk to aquatic receptors.

ERA results for radionuclides are discussed in Section 6.7.2.3 because the radiation values detected were

similar in Areas A and B.

6.7.2.2 Ecological Risk Assessment Results for Area B (Groundwater Hot Spot)

As shown in Table 5-7(b), a total of 38 constituents in Area B, were determined to be COPCs. The

maximum concentrations of 2,4-DMP; arsenic; and zinc exceeded the AWQC. The remaining

constituents were considered to be ecological COPCs because they were present at concentrations above

laboratory detection limits and because no relevant AWQCs were available. Arsenic and zinc were

eliminated as COPCs because the maximum concentrations divided by 10 fell below the AWQC. HQ

calculations conducted for 28 COPCs for which secondary screening criteria were available are presented

in Table 32(b). Twenty-two COPCs were eliminated from consideration based on the HQ analysis. Five

constituents were retained as COCs because their HQ values exceeded 1. Although 1,2-DCE (total); cis-

1,2-DCE; and trans-1,2-DCE were evaluated independently in the ERA, they are collectively referred to

as the COC "I,2-DCE" herein. The compound 2,4-DMP was retained as a COC because its maximum
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concentration divided by 10 exceeded the AWQC. Carbazole was eliminated as a COPC because its

maximum value divided by 10 was below the calculated NOEL (the acute LOEL divided by 100).

ERA results for Area B are summarized in Table 6-33(b). The followingconstituents were determined to

be COCs:

• 4-Chloro-3-methylphenol
• 2,4-DMP
• 2-Methylphenol
• 1,2-DME
• Toluene

• Xylene

The following eight constituents could not be eliminated as COPCs because relevant ecological screening

criteria were unavailable:

• 4-Methylphenol
• Fluorene

• Pyrene
• Vinyl chloride
• Radium 226
• Radium 228

• Gross alpha radiation
• Gross beta radiation

The ecological COCs and remaining ecological COPCs for Area B are discussed below in terms of

whether their detected concentrations could have adverse impacts on aquatic biota.

The compounds 4-chloro-3-methylphenol; 2,4-DMP; 2-methylphenol; 1,2-DCE; toluene; and xylene are

ecological COCs for Area B groundwater. The compound 4-chloro-3-methylphenol was detected in only

1 out of 24 samples; therefore, it would not be expected to pose a threat to aquatic organisms. The

compound 2,4-DMP was detected in 19 of 23 samples at a maximum concentration of 13,000 _tg/L,

exceeding the AWQC of 110 _tg/L. Concentrations of 2,4-DMP in three samples collected between 1993

and 1996 from monitoring wells M028-A, M028-E, and M034-A exceeded the AWQC. Data from 1997

and 1998 confirm 2,4-DMP contamination in M028-E, as three samples from these wells had

concentrations equal to or greater than the AWQC. The compound 2-methylphenoi was detected in 12

out of 23 samples; 1,2-DCEwas detected in 12 of 12samples; toluene was detected in 20 of 23 samples;
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and xylene was detected in 19 of 23 samples. The high concentrations and detection frequencies of these

compounds indicate that they pose a threat to aquatic receptors in the bay.

The compounds 4-methylphenol, fluorene, pyrene, and vinyl chloride are considered to be ecological

COPCs in part because there are no AWQC or readily available secondary reference criteria that can be

used to calculate HQs for them. The compound 4-methylphenol was detected in 12 of 23 samples,

fluorene was detected in 4 of 24 samples, pyrene was detected in 1 of 24 samples, and vinyl chloride was

detected in 21 of 23 samples. The frequencies of detection as.well as high concentrations indicate that 4-

methylphenol and vinyl chloride could reach aquatic receptors in the bay from Area B. These chemicals

are similar to the identified ecological COCs that have reference values, and any remedial alternatives

evaluated in the FS would also treat these ecological COPCs.

ERA results for radionuclides are discussed in Section 6.7.2.3 because the radiation values detected were

similar in Areas A and B.

Ecological COCs have been identified at the groundwater hot spot close to the shoreline. The barges

present between the hot spot and San Francisco Bay act as a semiconfining barrier to groundwater flow,

thereby causing COCs to accumulate at the hot spot. Groundwater appears to be flowing to the west and

north near the shoreline, indicating that contaminant attenuatiionmay be occurring prior to groundwater

discharge to the bay.

A funnel-and-gate structure was installedat the hot spot to intercept and treat contaminants in

groundwater. This system will be evaluated along with other'potential groundwater remedial alternatives,

if required, in the OU-3 FS. Remedial action objectives that are protective of aquatic receptors would be

expected to be close to AWQCs and secondary reference criteria. Such objectives will be addressed in

the OU-3 FS, as required.

6.7.2.3 Ecological Risk Assessment Results for Radionuclides

There are no AWQC for exposure of aquatic biota to radionuclides. Benchmark comparison values for

effects on freshwater fish were recently developed for use at Oak Ridge National Laboratory (Bechtel

Jacobs Company 1998). EPA guidance (EPA 1997f) suggests using background levels for radionuclides

determined in the same manner as those for other contaminants on a site-specific basis. Background data

for radionuclides were available for five sampling locations near IR Site 1. Summary statistics for
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radionuclide levels at Areas A and B are presented in Tables 6-34(a) and 6-34(b). A qualitative analysis

was used to compare radioisotope data for IR Site 1 to background concentrations and benchmark values.

Background concentrations were highly variable, but some basic summary information is provided in

Table 6-35. Gross alpha and beta concentrations are measures of radioactivity emanating from various

sources and as such are not directly comparable to criteria. Rather, such concentrations are an indication

of the presence of a particular isotope. The comparisons for gross alpha, gross beta, and radium analytical

results are presented below.

The mean background value for gross alpha radiation is 14.4 pCi/L, and the maximum reported

background value is 142 pCi/L. All samples of IR Site 1 groundwater had gross alpha counts lower than

the mean background value as shown in Tables 6-34(a) and 6-34(b).

The mean value for gross beta radiation in background wells is 46 pCi/L, and the maximum value for

background wells is 303 pCi/L. The mean gross beta radiation levels at Areas A and B, presented in

Tables 6-34(a) and 6-34(b), fall below the mean background value shown in Table 6-35, indicating that

gross beta radiation from IR Site 1 does not exceed background levels.

The mean for background samples of total radium 226 plus radium 228 is 1.3pCi/L, and the maximum

detected is 6.5 pCi/L. Mean levelsof total radium 226 and radium 228 for Area A wells were 1.0 pCi/L,

indicating that radium levels from Area A oflR Site 1 do not exceed background levels Mean levels of

total radium 226 and radium 228 from Area B wells were 5.8 pCi/L, exceeding the background levels.

However, the appropriate benchmark for radium 226 for protection of freshwater fish is 160 pCi/L,

substantially in excess of concentrations detected in groundwater at the site. The equivalent benchmark

for radium 228 is that listed for thorium 232 + D, because radium 228 is a daughter of thorium 232.

Using the more conservative thorium 232 standard, the comparative benchmark is 478 pCi/L, again

substantially in excess of any concentration detected in groundwater at the site.

Comparison oflR Site 1 groundwater data to background concentrations and benchmark values for

aquatic biota revealed that site groundwater exhibits radiation concentrations similar to ambient

concentrations and significantly below benchmark screening values. Therefore, the data do not indicate

that adverse impacts on aquatic biota are likely from exposure to radioactive materials in site

groundwater.
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6.7.2.4 Ecological Risk Assessment Uncertainties

A numberof factors used in the ERA arebased on assumptionsthatcontributea significantlevel of

uncertainty.This ERA was intendedto assess realisticscenarioswhile not underestimatingthe potential

forrisks to ecological receptors. Accordingto the methodologyassumptions,a chemical concentration

below a promulgatedcriterionindicatedthatno significantriskexists forecological receptorsfrom the

chemical. Similarly,a chemicalconcentrationlowerthanbackgroundvalues or ambientcriteria indicated

thatno significantriskexists for ecological receptorsfrom the chemical. CalculatedHQs less than 1 can

be used to show thatno significantrisk for an aquaticreceptorexists from an ecological COPC.

However, HQsthat exceed 1 do not necessarilymeanthata definiterisk exists atthe site. The major

uncertainties and conservative assumptions used in the screening-level ERA are summarized below.

• AWQC. The hazard screening process assumes that AWQC and other promulgated
standards are protective of aquatic life and predators of aquatic life. EPA guidance states
that AWQC are developed to be protective of all organisms except the most sensitive ten
percent.

• Bioavailability. All ecological COPCs are assumed to be 100 percent bioavailable to
all receptors. Depending on the ecological COPC and receptor, the bioavailability may
be significantly less than 100 percent.

• Development of Secondary Reference Values. The reference values used in the HQ
calculations are derived from literature studies involving a variety of species and
conditions. These studies were not conducted specifically on the receptors anticipated to
exist at Alameda Point. Some reference values were extrapolated using uncertainty
factors to account for differences between species, and were only used in cases where
marine criteria were unavailable. The effects of this approach cannot be estimated.

• Use of NOAA-Suggested Dilution. The ERA follows NOAA guidance suggesting that
it is typical practice to divide chemical concentrations by 10 to account for dilution and
mixing that result from groundwater moving to surface water. The resulting values are
compared to screening values or are used in hazard calculations. This approach is
believed to be conservative, but may overestimate or underestimate the actual
concentrations of chemicals that reach aquatic receptors.

The overall effects of these uncertainties and conservative assumptions cannot be quantitatively

calculated without site-specific information. It is anticipated that all HQs would be lower if they were

calculated using more site-specific information.
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6.8 NATURE AND EXTENT OF HUMAN HEALTH AND ECOLOGICAL
CHEMICALS OF CONCERN

This section summarizes the general distribution of COCs detected in soil and groundwater at IR Site 1 as

well as the nature and extent of the soil and groundwater COCs determined to pose a significant human

health or ecological risk at the site.

6.8.1 Chemicals of Concern in Soil

Soil investigation activities showed that TPH, VOCs, SVOCs, pesticides, PCBs, radionuclides, and metals

are present in IR Site 1 soils. The most prominent chemicals are SVOCs of the PAH class, that were

detected at several locations and within all three depth intervals. Metals and radionuclides were also

detected in samples from all three depth intervals. TPH, pesticides, and PCBs were detected in shallow

soil samples. Although no apparent distribution pattern was identified for these chemicals, many of the

highest concentrations were detected in samples collected within the inside boundary area near the

shoreline, particularly at soil boring clusters M027, M028, M029, and MOO1.

The following chemicals in soil at IR Site 1 pose a human health risk exceeding 1.0E-06: chromium,

benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, indeno(1,2,3-cd)pyrene, and

dibenzo(a,h)anthracene. According to site historical information, the disposal area was originally filled

with dredge spoils from the bay before wastes were placed in the area. When the construction of

Runways 13-31and 7-25 began, spoils stockpiled during dredging operations were used again as fill. The

origin of some of the detected chemicals is believed to be the hydraulic fill. However, because the

highest chemical concentrations are at locations adjacent to the landfill disposal cells, the disposal

activities likely contributed to the elevated chemical concentrations detected. The consistently elevated

concentrations near well boring MOO1, located in the burn area, suggest that refuse burning in the early

1950s contributed to both the SVOCs and metals detected.

Radionuclides were detected at all three depth intervals within the inside and outside boundaries of IR

Site 1. No apparent distribution pattern was identified. The highest concentrations of radionuclides in

soil within the inside boundary were detected at the M028 well cluster and at well M034-A near the

former aircraft engine and part storage area and the landfill cells. The highest concentrations of

radionuclides in soil within the outside boundary were detected at sampling locations M030-C and

M002-A north of the landfill cells. Because the highest concentrations of radionuclides in soil within the

inside boundary are at locations adjacent to the landfill disposal cells, disposal activities likely
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contributed to the elevated concentrations. The results of the HHRA presented in Section 6.7.1 show that

radionuclide concentrations in soil at IR Site 1 are below the EPA target levels of 5 pCi/g for surface soil

and 15 pCi/g for subsurface soil (EPA 19970.

6.8.2 Chemicals of Concern in Groundwater

Groundwater investigation activities showed that TPH, VOCs, SVOCs, radionuclides, and metals are

present in IR Site 1 groundwater. VOCs, SVOCs, and radionuclides were detected in the FWBZ and to a

limited degree in the SWBZ. Groundwater in the FWBZ downgradient of the landfill disposal cells

appears to have been impacted by site activities. Downgradient groundwater in the SWBZ does not

contain elevated levels of organic compounds. As shown by Figures K-7 through K-9, based on the

Waterloo investigation conducted as part of the treatability study for the funnel-and-gate demonstration,

the local distribution of chemicals in groundwater can be very heterogeneous at IR Site 1. Several factors

may contribute to the heterogeneous distribution of chemicals in groundwater at the site. Multiple source

locations are likely because IR Site 1 is primarily a landfill site. Construction of the site by placement of

fill in layers may have created preferential flow paths that resulted in "fingered" plumes.

Although the local distribution of chemicals in groundwater may be heterogeneous, the well clusters most

impacted by the chemical classes identified above include M028 and M034. VOCs and SVOCs are the

most prominent chemicals detected in groundwater at IR Site 1. Solvent- and petroleum-related organic

compounds were detected at the most elevated concentrations at the groundwater hot spot (wells M028-A,

M028-E, and M034-A). Radionuclides were also frequently detected in most of the monitoring wells at

IR Site 1. Based on 1994 and 1995 data and on 1996 Waterloo data, Figures 6-29 and 6-30 present the

groundwater plumes associated with the chemicals that could adversely affect aquatic receptors:

2,4-DMP; 1,2-DCE; toluene; and xylene.

The results of the ERA presented in Section 6.7.2 indicate that 2,4-DMP; 2-methylphenol; 1,2-DCE;

toluene; and xylene at the groundwater hot spot (wells M028-A, M028-E, and M034-A) may have an

adverse impact on aquatic biota. The chemical 2,4-DMP was detected in three FWBZ samples collected

from M028-A and M028-E at concentrations exceeding the ecological reference values during the 1993 to

1996 follow-on investigation. Subsequent sampling in 1997 and 1998 confirmed contamination in M028-

E; three samples contained 2,4-DMP concentrations equal to or greater than the ecological reference

values. The chemical 1,2-DCE was present in four samples collected from M028-A and M028-E during
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the 1993 to 1996 follow-on sampling events but was not detected in these wells during the 1997 and 1998

sampling.

The construction history of the shoreline at IR Site 1 (which includes placement of sunken barges) and the

fact that several monitoring wells adjacent to the western shoreline are not significantly tidally influenced

suggest that the structure originally placed to hold the hydraulic fill provides a partial barrier to

groundwater flow into the bay. This conclusion is supported by the relatively small hydraulic gradients

toward the bay in a westerly direction. Groundwater analytical results from the Phase 5 and 6 and follow-

on investigations show that VOC concentrations were highest in monitoring well cluster M028.

Concentrations of chlorinated solvents in monitoring well M034-A, which is upgradient of the M028

cluster, were consistently lower. These observations suggest that a solvent plume that potentially

originated under the landfill cells has migrated westward. Groundwater analytical results from 1997 and

1998 monitoring events revealed elevated concentrations in monitoring wells M028-A and M028-E,

which are located downgradient of the funnel-and-gate treatment system (TtEMI 1997). These findings

suggest the presence of other localized sources at the site. These sources have resulted from disposal

activities that took place in landfill cells.

_, 6.9 CONCLUSIONS

This section presents conclusions based on OU-3 RI results, summarizes ancillary investigations, presents

conclusions pertaining to the landfill presumptive remedy, and discusses remaining data gaps.

6.9.1 Remedial Investigation Results

The RI results indicate that TPH, PCBs, pesticides, VOCs, SVOCs, radionuclides, and metals are present

in soils at IR Site 1. TPH, VOCs, SVOCs, radionuclides, and metals were also detected in groundwater

samples collected from the site. The sources of these chemicals are located throughout the landfill cells,

the bum area, and the pistol range area.

Two sets of risk calculations are presented in this RI because of technical differences between EPA

Headquarters, EPA Region 9, and California DTSC. The technical differences involve toxicity reference

values, the dermal risk assessment, and exposure pathways. Agreement could not be reached on the

presentation of a single set of risk assessment values, but the use of both sets of risk assessment values
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provides supplemental information for risk management decision making• Both risk assessments are

technically valid.

Human health risks associated with soil COCs based on Navy and DTSC assumptions are presented

below.

Navy Assumptions DTSC Assumptions
Exposure Non-Rad. Risk - Soils Rad. Risk - Soils Non-Rad. Risk - Rad. Risk -

Soils Soils
Scenario Carc. Non-Carc. Carc. Carc. Carc. Non- Carc. Carc.

T=0 T=30 Carc. T=0 T=30
Recreational 4.4E-05 0.1 2.0E-05 1.3E-05 4.9E-04 0.42 2.0E-05 1.3E-05

Occupational 2.6E-05 0.09 3.6E-05 2.3E-05 2.80E-04 0.24 3.6E-05 2.3E-05

Notes:

Care. Carcinogenic
•Rad. Radiological
T Time (Years)

The risk assessment indicates that the human health risks associated with soils at the site and the intended

use of the site are slightly above the acceptable carcinogenic risk range of 1E-4 to 1E-6 using DTSC

assumptions and are less than the HI value of 1.

Presented below are nonradiological risk-driving chemicals in site soils and their relative contributions to

carcinogenic risk and noncarcinogenic hazard under the recreational and occupational scenarios.

Navy Assumptions DTSC Assumptions
Carcinogenic Risk Noncarcinogenic Carcinogenic Risk Noncarcinogenic HI

HI
Chemical % Chemical % Chemical % Chemical %

Rcc. PAHs 91 PAH,; 87
Chromium 5 HI < 1 PCBs 9 HI < 1
PCBs 4 Chromium 3.5

Beryllium <0.5
Occ. PAHs 87 PAH,_ 80

Chromium 9 HI < 1 PCBs 8 HI < 1
PCBs 4 Chromium 11

Beryllium <1

Notes:

% Percentage contribution of the chemical to the total risk or hazard from exposure to soil
Rec. Recreationalexposurescenario

Occ. Occupational exposure scenario
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The difference in carcinogenic risks under the Navy and DTSC assumptions is predominantly due to

(1) the higher CSFs (see Table 5-1 and Appendix C) for PAHs, chromium, and PCBs under DTSC

assumptions and (2) the difference in dermal assessment methodologies. PAHs contribute between

80 and 91 percent of the total carcinogenic risk for soils under the two scenarios and risk assessment

methodologies. A major fraction of the risk for soil at the site is also contributed by chromium.

However, a comparison of the carcinogenic risks posed by chromium and beryllium in soil at IR Site 1

and the risks posed by the background concentrations of these chemicals in soil in the western area of

Alameda Point indicates the following:

• Carcinogenic risks from chromium.in soil at IR Site 1 under the occupational scenario
are higher than those under the recreational scenario. The carcinogenic risks under the
occupational scenario are 2.3E-06 and 3.1E-05 under the Navy and DTSC assumptions,
respectively. These risks are within the acceptable risk management range and are
comparable to the risks of 1.7E-06 (Navy assumptions) and 2.3E-05 (DTSC assumptions)
(see Appendix C) posed by background chromium concentrations in soil in the western
area of Alameda Point.

• Carcinogenicrisks from berylliumin soil at IR Site 1 are approximatelythe same (1.1E-
06 under DTSC assumptions) under the occupational and recreational scenarios. These
carcinogenic risks are within the acceptable risk management range and are comparable

_, to the risk of 1.2E-06 (under DTSC assumptions; see Appendix C) posed by background
beryllium concentrations in soil in the western area of Alameda Point.

Presented below are risk-driving radiological chemicals and their relative contributions to carcinogenic

risk for soil exposures under the recreational and occupational scenarios. The radiological risks are the

same under the Navy and DTSC assumptions.

Exposure Scenario Navy and DTSC Assumptions
Time = 0 Years Time = 30 Years

Chemical % Chemical %
Recreational Radium 226 79 Radium 226 97

Radium 228 21 Radium 228 3

Occupational Radium 226 80 Radium 226 97
Radium 228 20 Radium 228 3

Note:

% Percentage contribution of the chemical to the total risk or hazard from exposure to soil

Radium 226, with its approximately 1,600-year half-life (radium 228 has a half-life of approximately 3

years), contributes most of the site risk from radiological materials under both scenarios. However,

'_€ naturally occurring concentrations of radium 226 and radium 228 exist in soils. Radium 228, with its
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relatively short half-life, is typically present at lower concentrations than is radium 226. The

carcinogenic risk posed by radioactive materials in soil at IR Site 1 includes the risk contributed by

background concentrations of these materials in soil at Alameda Point.

The groundwater HHRA performed for the occupational exposure scenario indicated that human health

risks associated with spray irrigation and volatilization from the subsurface are below 1E-06 and below

an HI of 1.

6.9.2 Ancillary Investigation Summary

The results of the pistol range investigation indicate that lead and other metals present at the pistol range

could pose a risk to human health and the environment through surface exposure. Modeling results

indicate that aquatic receptors could be adversely impacted by lead leaching into groundwater and

reaching the surface waters of the bay. A landfill cap would reduce such infiltration, thereby protecting

aquatic receptors in the bay. Therefore, the containment provided by the landfill presumptive remedy

would mitigate any potential risk to human and ecological receptors from the pistol range.

The plume delineation conducted as part of the funnel-and-gatedemonstration allowed more detailed

characterization of the groundwater plume near the M028 well cluster. The plume delineation results will

be used to more fully evaluate the remediation area in the FS if it is determined that groundwater

remediation is required.

Based on results from two preliminary radiological surveys, a comprehensive radiological survey was

initiated by the Navy in September 1998. The radiological anomalies detected will be removed to ensure

that no further remedial actions involving radiological issues will be required.

Significant quantities of UXO were removed from the pistol range in 1998.UXO removal

recommendations will be submitted to the Navy in support of a final UXO removal that will meet

DDESB requirements prior to property transfer.

6.9.3 Conclusions Regarding the Landfill Presumptive Remedy

The Navy plans to provide containment at IR Site 1 in accordance with the landfill presumptive remedy

developed by EPA and outlined in the "Application of the CERCLA Municipal Landfill Presumptive
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Remedy to Military Landfills" interim guidance (EPA 1996). Containment measures to isolate landfill

refuse, minimize disturbances to the landfill surfaces, and reduce off-site surface and subsurface

contaminant migration will include a landfill cap, a gas monitoring system (as required), and groundwater

remediation (as required). Containment measures will be adequate to eliminate unacceptable risks to

human and ecological receptors from the site.

The landfill cap discussed in the technical memorandum in Appendix E will cover IR Site I. The landfill

cap will be designed to provide protection for human receptors based on routes of potential exposure

associated with occupational and recreational use of IR Site 1, including incidental soil ingestion, dermal

contact with soil, inhalation of particulates, inhalation of chemicals volatilized from surface soil, and

external exposure to radionuclides. The cap will also prevent transport of contaminated soil particulates

from the site to other locations within Alameda Point and San Francisco Bay via wind dispersion and

surface water runoff. Two types of landfill caps, a native soil cap and a multilayer cap, are appropriate

for protecting human and terrestrial ecological receptors from exposure to refuse and COCs in shallow

soils. The native soil cap and the multilayer cap are described below.

• The native soil cap, which would be constructed from soil obtained from a nearby borrow
location, would consist of a compacted soil layer graded to divert surface water from the cap,
thereby reducing water infiltration through the landfill. This cap would also form a barrier to
prevent the intrusion of burrowing animals.

• From bottom to top, the multilayer cap would consist of a foundation layer (at least 2 feet
thick); a 40-mil-thick high-density polyethylene geomembrane (permeability of less than 10-
6 centimeters per second); a filter fabric geonet and a gravel and rock layer to facilitate
drainage and prevent the intrusion of burrowing animals; a native soil rooting zone layer; and
a 6-inch-thick (minimum) topsoil layer to support vegetation. The impermeable liner would
severely restrict surface water transport through the unsaturated landfill refuse.

Methane, the primary landfill gas (LFG), is not expected to be generated at levels that would require

treatment. However, methane poses a potential explosion h_ard and thus will be monitored in

accordance with landfill postclosure regulations. This monitoring will ensure that methane gas migration

at the site boundaries does not exceed the lower explosive limit (LEL) for methane gas; that methane gas

migration at the site boundaries does not exceed 5 percent by volume in air; and that methane

concentrations do not exceed 1.25 percent by volume in air within any on-site structures as outlined in 27

CCR, Section 20919.5. Other trace gases that may be released from landfills are termed nonmethane

organic compounds (NMOC). No federal or state action levels have been promulgated for NMOC

emissions at this time. LFG monitoring and control systems that can be implemented with the

presumptive remedy will be analyzed in the OU-3 FS.
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Human ingestion and inhalation of groundwater were not considered in the HHRA because the Navy _,

determined that groundwater in the area of IR Site 1 is not potable (TtEMI 1998). Groundwater

containment will be implemented as required to protect ecological receptors in the San Francisco Bay

from COC concentrations exceeding ecological screening levels in groundwater at the point where it

discharges to surface water. Groundwater will be monitored downgradient of the landfill in accordance

with postclosure regulations. Remedial alternatives for groundwater will be evaluated in the OU-3 FS.

6.9.4 Data Gaps

Several OU-3 data gaps have been identified that will impact the FS. Results of the data gap investigation

will be presented in an RI addendum and in the FS report, as appropriate. Data gaps were evaluated using

the DQO process as discussed below.

Step 1: State the Problem

Several data gaps have been identified for OU-3 that will impact the FS. The data gaps are as follows: (1)

a methane survey has not been conducted at IR Site 1; however, methane is not expected to be present at

the landfill at levels exceeding ARARs because the landfill was closed in 1956, (2) a known groundwater

hot spot is present at the site; however, the eastern boundary of the hot spot has not been delineated, (3)

shoreline wells are not spaced at adequate intervals to determine with an acceptable degree of certainty

that groundwater plumes are not adversely impacting aquatic receptors, (4) cyanide was detected at levels

that could pose an unacceptable risk to aquatic receptors in monitoring well M025 in 1991; this well has

not been resampled for cyanide analysis since that time.

Step 2: Identify the Decisions

The decisions to be made resulting from data gap activities address determining:

1. Is methane present at levels that would require monitoring or treatment after the landfill
cap is installed?

2. What is the general response action area to be addressed by the groundwater remedial
action, if required?

6-52



3. Are there any other potential hot spot areas that could require a groundwater remedial
action?

4. Is cyanide present in monitoring well M025 at levels that could pose a risk to aquatic
receptors?

Step 3: Identify Inputs to the Decisions

Validated chemical data will be required to answer the questions listed above. The data will have to meet

the DQOs used in the ERA for data gaps 2, 3, and 4, because the data may be used in risk assessments. In

addition, analytical detection limits will have to fall below ecological screening criteria for data gaps 2, 3,

and 4. The results of the methane survey will have to be of sufficient quality to determine compliance

with ARARs or potential treatment requirements. In addition,,various groundwater parameters that could

interfere with the effectiveness of a groundwater treatment alternative will be analyzed for as required for

data gap 2.

Step 4: Define the Study Boundaries

Sampling locations will be selected as required to fill each of the identified data gaps. Methane will be

analyzed for at selected areas around the landfill perimeter and above the disposal cells. The number of

groundwater samples needed to characterize the eastern boundary of the groundwater hot spot will be

determined in the field based on screening-level data. Data of adequate quality for risk assessments will

be provided by a certified laboratory. Six locations have been selected to adequately monitor the

shoreline for data gap 3. For data gap 4, monitoring well M025 will be sampled to determine whether

cyanide is present at levels potentially harmful to aquatic receptors.

Step 5: Develop Decision Rules

Decision rules for the four data gaps are presented below.

1. If methane is detected above the landfill, potential risks to human health may exist.

2. If the eastern boundary of the groundwater hot spot extends past well M034-A, the
general response action area for the OU-3 FS will be expanded.

3. If groundwater at the six additional shoreline locations contains chemicals at levels above
ecological screening criteria, then risks to aquatic receptors may exist.
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4. Ifa groundwater sample collected from well M025 contains cyanide at a level above
ecological screening criteria, risks to aquatic receptors may exist.

Step 6: Specify Limits on Decision Error

Limits on decision error will be developed and presented in the field sampling and analysis plan for the

OU-3 data gap investigation.

Step 7: Optimize the Sampling Design

The sampling design for the data gap investigation was optimized based on RI results. Not all questions

related to the landfill presumptive remedy had been adequately answered, and the four data gaps were

identified to focus collection of the information required to adequately prepare the OU-3 FS report.
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TABLE 6-1

TOTAL LEAD IN SOIL FROM BERM,

PISTOL AND SHOTGUN RANGE, AND SPENT ORDNANCE DISPOSAL AREA
ALAMEDA POINT

Page 1 of 6

SAMPLE ID DISTANCE DATE TOTAL
AND HORIZONTALLY SAMPLE LEAD

gAMPLE LOCATION DEPTH INTO BERM (feet) COLLECTED (mg/kg)

B-1A B-1A 0" 0.0 March 17, 1998 11,000

B-IA B-IA 6" 0.5 March 17, 1998 1,200.0

B- 1A B- 1A 6 (Dupl.) 0.5 March 17, 1998 3,300.0
B-1A B-1A 12 1.0 March 17, 1998 220.0

B-IA B-IA 24" 2.0 March 17, 1998 23,000.0

B-1A B-IAr-24" 2.0 July 17, 1998 150.0
B-1B B-IB 0" 0.0 March 17, 1998 47,000.0

B-IB B-1Br-0" 0.0 July 17, 1998 600.0
B-IB B-IB 6" 0.5 March 17, 1998 22,000.0

B-1B B-IBr-6" 0.5 July 17, 1998 120.0

B-IB B-1B 12" 1.0 March 17, 1998 190.0

B-1B B-1B 24" 2.0 March 17, 1998 15,000.0

B-1C B-IC 0" 0.0 March 17, 1998 24,000.0

B-1C B-1Cr-0" 0.0 July 17, 1998 24,000.0

B-1C B-1C 6" 0.5 March 17, 1998 190.0

B-1C B-IC 12" 1.0 March 17, 1998 64.0

B-1C B-1C 24' 2.0 March 17, 1998 !60.0

B-1D B-ID 0" 0.0 March 17, 1998 23,000.0

B-1D B-1Dr-0" 0.0 July 17, 1998 1,300.0
B-1D B-1D 6" 0.5 March 17, 1998 180.0

B-1D B-1D 12" 1.0 March 17, 1998 44.0

B-1D B-1D 24" 2.0 March 17, 1998 39.0

B-1E B-1E 0" 0.0 March 17, 1998 34,000.0

B-1E B-IEr-0" 0.0 July 17,1998 140.0
B-IE B-1E 6" 0.5 March 17, 1998 5.1

B-1E B-1E 12" 1.0 March 17, 1998 <5.0

B-1E B-IE 24" 2.0 March 17, 1998 20.0

B- IF B- 1F 0" 0.0 March 17, 1998 7.0

B-IF B-IF 6" 0.5 March 17, 1998 56.0
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TOTAL LEAD IN SOIL FROM BERM,
PISTOL AND SHOTGUN RANGE, AND SPENT ORDNANCE DISPOSAL AREA
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SAMPLE ID DISTANCE DATE TOTAL

AND HORIZONTALLY SAMPLE LEAD

SAMPLE LOCATION DEPTH INTO BERM (feet) COLLECTED (mg/kg)

B-IF B-IF 12" 1.0 March 17, 1998 42.0

B-IF B-IF 24" (Dupl.) 2.0 March 17, 1998 26.0

B-IF B-IF 24" 2.0 March 17, 1998 34.0

B-2 B-2V - 3.5 3.5 March 17, 1998 2,100.0

B-2 B-2V - 5.5 (Dupl.) 5.5 March 17, 1998 55.0

B-2 B-2V- 5.5 5.5 March 17, 1998 71.0

B-2 B-2V - 7.5 7.5 March 17, 1998 54.0

B-2A B-2A 0" 0.0 March 17, 1998 220.0

B-2A B-2A 12" (Dupl.) 0.0 March 17, 1998 1,500.0

B-2A B-2A 6" 0.5 March 17, 1998 350.0

B-2A B-2A 12" 1.0 March 17, 1998 140.0

B-2A B-2A 24" 2.0 March 17, 1998 39.0

B-2B B-2B 0" 0.0 March 17, 1998 740.0

B-2B B-2B 6" 0.5 March !7, !998 440.0

B-2B B-2B 12' 1.0 March 17, 1998 130.0

B-2B B-2B 24" 2.0 March 17, 1998 240.0

B-2C B-C 0" 0.0 March 17, 1998 1,600.0

B-2C B-2C 6" 0.5 March 17, 1998 420.0

B-2C B-2C 12" (Dupl.) 1.0 March 17, 1998 160.0

B-2C B-2C 12" 1.0 March 17, 1998 290.0

B-2C B-2C 24" 2.0 March 17, 1998 1,900.0

B-2D B-2D 0" 0.0 March 17, 1998 18,000.0

B-2D B-2Dr-0" 0.0 July 17,1998 13,000.0

B-2D B-2D 6 0.5 March 17, 1998 100.0

B-2D B-2D 12" 1.0 March 17, 1998 970.0

B-2D B-2D 24" 2.0 March 17, 1998 150.0

B-2E B-2E 0" 0.0 March 17, 1998 100.0

B-2E B-2E 6" 0.5 March 17, 1998 23.0

B-2E B-2E 12" 1.0 March 17, 1998 21.0



TABLE 6-1

TOTAL LEAD IN SOIL FROM BERM,
PISTOL AND SHOTGUN RANGE, AND SPENT ORDNANCE DISPOSAL AREA

ALAMEDA POINT

Page 3 of 6

SAMPLE ID DISTANCE DATE TOTAL

AND HORIZONTALLY SAMPLE LEAD

SAMPLE LOCATION DEPTH INTO BERM (feet) COLLECTED (mg/kg)

B-2E B-2E 24" 2.0 March 17, 1998 350.0

B-2F B-2F 0" 0.0 March 17, 1998 88.0

B-2F B-2F 6" 0.5 March 17, 1998 96.0

B-2F B-2F 12" 1.0 March 17, 1998 75.0

B-2F B-2F 24" (Dupl.) 2.0 March 17, 1998 47.0
B-2F B-2F 24" 2.0 March 17, 1998 63.0

B-3A B-3A 0" 0.0 March 17, 1998 280.0

B-3A B-3A 6" 0.5 March 17, 1998 2,900.0

B-3A B-3A 6" (Dupl.) 0.5 March 17, 1998 3,000.0

B-3A B-3A 12" 1.0 March 17, 1998 8,300.0

B-3A B-3Ar- 12" 1.0 July 17,1998 2,600.0

B-3A B-3Ar- 12" (Dupl.) 1.0 July 17,1998 4,500.0

B-3A B-3A 24" 2.0 March 17, 1998 660.0

B-3B B-3B 0" 0.0 March 17, 1998 18.0

B-3B B-3B 6" 0.5 March 17, 1998 1,800.0

B-3B B-3B 12" 1.0 March 17, 1998 1,600.0

B-3B B-3B 24" 2.0 March 17, 1998 3,300.0

B-3C B-3C 0" 0.0 March 17, 1998 27.0

B-3C B-3C 6" 0.5 March 17, 1998 820.0

B-3C B-3C 12" 1.0 March 17, 1998 1,600.0

B-3C B-3C 24" 2.0 March 17, 1998 9,200.0

B-3D B-3D 0" (Dupi.) 0.0 March 17, 1998 3,100.0
B-3D B-3D 0" 0.0 March 17, 1998 23,000.0

B-3D B-3Dr-0" 0.0 July 17,1998 4,800.0

B-3D B-3D 6" 0.5 March 17, 1998 4,100.0

B-3D B-3D 12" 1.0 March 17, 1998 9,500.0

B-3D B-3Dr- 12" 1.0 July 17,1998 1,900.0

B-3D B-3D 24" 2.0 March 17, 1998 2,500.0
B-3E B-3E 0" 0.0 March 17, 1998 27.0
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SAMPLE ID DISTANCE DATE TOTAL
AND HORIZONTALLY SAMPLE LEAD

SAMPLE LOCATION DEPTH INTO BERM (feet) COLLECTED (mg/kg)

B-3E B-3E 6" 0.5 March 17, 1998 82.0

B-3E B-3E 12" 1.0 March 17, 1998 20.0

B-3E B-3E 24" 2.0 March 17, 1998 1,100.0

B-3E B-3E 24" (Dupi.) 2.0 March 17, 1998 1,200.0
B-3F B-3F 0 0.0 March 17, 1998 41.0

B-3F B-3F 6" 0.5 March 17, 1998 420.0

B-3F B-3F 12" 1.0 March 17, 1998 210.0

B-4 B-4V - 3.5 3.5 March 18, 1998 770.0

B-4 B-4V - 3.5 (Dupl.) 3.5 March 18, 1998 1,400.0
B-4 B-4V- 5.5 5.5 March 18, 1998 3,100.0

B-4 B-4V - 7.5 7.5 March 18, ,1998 11.0
B-4A B-4A 0" 0.0 March 17, 1998 1,500.0

B-4A B-4A 6" 0.5 March 17, 1998 11,000.0

B-4A B-4A 6" (Dupl.) 0.5 March 17, 1998 29,000.0
B-4A B-4A 12" 1.0 March 17, 1998 4,100.0

B-4A B-4A 24" 2.0 March 17, 1998 3,800.0

B-4B B-4B 0" 0.0 March 17, 1998 37,000.0

B-4B B-4Br-0" 0.0 July 17,1998 2,000.0
B-4B B-4B 6" 0.5 March 17, 1998 12,000.0

B-4B B-4B 12" 1.0 March 17, 1998 45,000.0

B-4B B-4Br- 12" 1.0 July 17,1998 60,000.0
B-4B B-4B 24" 2.0 March 17, 1998 2,300.0

B-4C B-4C 0" 0.0 March 17, 1998 6,600.0

B-4C B-4C 0" (Dupl.) 0.0 March 17, 1998 30,000.0
B-4C B-4C 6" 0.5 March 17, 1998 40,000.0

B-4C B-4Cr-6" 0.5 July 17,1998 42,000.0
B-4C B-4C 12" 1.0 March 17, 1998 29,000.0

B-4C B-4Cr- 12" 1.0 July 17,1998 5,000.0
B-4C B-4C 24" 2.0 March 17, 1998 11,000.0
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SAMPLE ID DISTANCE DATE TOTAL
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B-4D B-4D 0" 0.0 March 17, 1998 26,000.0

B-4D B-4Dr-0" 0.0 July 17, 1998 1,400.0
B-4D B-4D 6" 0.5 March 17, 1998 28,000.0

B-4D B-4Dr-6" 0.5 July 17, 1998 33,000.0

B-4D B-4D 12" 1.0 March 17, 1998 11,000.0

B-4D B-4D 24" 2.0 March 17, 1998 15,000.0

B-4E B-4E 0" 0.0 March 18, 1998 610.0
B-4E B-4E 6" 0.5 March 18, 1998 2,400.0

B-4E B-4 E 6" (Dupl.) 0.5 March 18, 1998 3,100.0
B-4E B-4E 12" 1.0 March 18, 1998 35.0

B-4E B-4E 24" 2.0 March 18, 1998 21.0

B-4F B-4F 0" 0.0 March 18, 1998 1,200.0

B-4F B-4F 6" 0.5 March 18, 1998 23.0

B-4F B-4F 12" 1.0 March 18, 1998 28.0

B-4F B-4F 24" 2.0 March 18, 1998 22.0

B-5 B-5V- 3.5 3.5 March 18, 1998 15.0

B-5 B-5V- 5.5 5.5 March 18, !998 24.0

B-5 B-5V - 7.5 7.5 March 18, 1998 21.0

B-5A B-5A 0" 0.0 March 18, 1998 12.0

B-5A B-5A 6" 0.5 March 18, 1998 12.0

B-5A B-5A 12" 1.0 March 18, 1998 20.0

B-5A B-5A 24" 2.0 March 18, 1998 10.0

B-5B B-5B 0" 0.0 March 18, 1998 160.0

B-5B B-5B 6" 0.5 March 18, 1998 330.0

B-5B B-5B 12" (Dupl.) 1.0 March 18, 1998 75.0
B-5B B-5B 12" 1.0 March 18, 1998 110.0

B-5B B-5B 24" 2.0 March 18, 1998 16.0

B-5C B-5C 0" 0.0 March 18, 1998 150.0

B-5C B-5C 6" 0.5 March 18, 1998 91.0
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SAMPLE ID DISTANCE DATE TOTAL
AND HORIZONTALLY SAMPLE LEAD

SAMPLE LOCATION DEPTH INTO BERM (feet) COLLECTED (mg/kg)

B-5C B-5C 12" 1.0 March 18, 1998 110.0
B-5C B-5B 24" 2.0 March 18, 1998 180.0
B-5C B-5C 24" (Dupl.) 2.0 March 18, 1998 220.0
B-5D B-5D 0" 0.0 March 18, 1998 60.0

B-5D B-5D 6" 0.5 March 18, 1998 52.0
B-5D B-5D 12" 1.0 March 18, 1998 45.0
B-5D B-5D 24" 2.0 March 18, 1998 140.0
B-5E B-5E 0" 0.0 March 18, 1998 65.0
B-5E B-5E 6" 0.5 March 18, 1998 52.0

B-5E B-5E 12" 1.0 March 18, 1998 59.0
B-5E B-5E 24" 2.0 March 18, 1998 98.0

NOTES:
The source of this data is AGS 1998.

mg/kg - milligrams per kilogram
ft - feet
" - inches
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DATE SAMPLE

SAMPLE LOCATION SAMPLE ID AND DEPTH SAMPLE DEPTH (feet) COLLECTED TOTAL LEAD (mg/kg)

S-01 S-01 0" 0.0 March 18, 1998 16.0

S-01 S-01 6" 0.5 March 30, 1998 16.0

S-01 S-01 12" 1.0 March 30, 1998 14.0

S-02 S-02 0" 0.0 March 30, 1998 18.0

S-02 S-02 6" 0.5 March 30, 1998 22.0

S-02 S-02 12" 1.0 March 30, 1998 21.0

S-03 S-03 0" 0.0 March 18, 1998 17.0

S-03 S-03 6" 0.5 March 30, 1998 15.0

S-03 S-03 12" 1.0 March 30, 1998 14.0

S-04 S-04 0" 0.0 March 19, 1998 260.0

S-04 S-04 6" 0.5 March 19, 1998 7,300.0

S-04 S-4r-6" 0.5 July 17, 1998 700.0
S-04 S-04 12" 1.0 March 19, 1998 6,000.0

S-05 S-05 0" 0.0 March 18, 1998 300.0

S-05 S-05 6" 0.5 March 18, 1998 !30.0

S-05 S-05 12" 1.0 March 18, 1998 630.0

S-06 S-06 0" 0.0 March 19, 1998 650.0

S-06 S-06 6" 0.5 March !9, !998 630.0

S-06 S-06 12" 1.0 March 19, 1998 120.0

S-07 S-07 0" 0.0 March 18, 1998 590.0

S-07 S-07 6" 0.5 March 18, 1998 370.0

S-07 S-07 12" 1.0 March 18, 1998 15.0

S-08 S-08 0" 0.0 March 19, 1998 24.0

S-08 S0-8 6" (Dupl.) 0.5 March 19, 1998 19.0

S-08 S-08 6" 0.5 March 19, 1998 20.0

S-08 S-08 12" 1.0 March 19, 1998 190.0

S-09 S-09 0" 0.0 March 19, 1998 430.0

S-09 S-09 6" (Dupl.) 0.5 March 19, 1998 360.0
S-09 S-09 6" 0.5 March 19, 1998 430.0

S-09 S-09 12" 1.0 March 19, 1998 84.0



TABLE 6-2
TOTAL LEAD IN SOIL OUTSIDE THE BERM,

PISTOL AND SHOTGUN RANGE, AND SPENT ORDNANCE DISPOSAL AREA
ALAMEDA POINT

Page 2 of 6

DATE SAMPLE

SAMPLE LOCATION SAMPLE ID AND DEPTH SAMPLE DEPTH (feet) COLLECTED TOTAL LEAD (mg/kg)

S-10 S-10 0" 0.0 March 19, 1998 280.0

S-10 S-10 6" 0.5 March 19, 1998 130.0

S-10 S-10 12" 1.0 March 19, 1998 390.0

S-I 1 S-I 1 0" 0.0 March 19, 1998 120.0

S-I 1 S-11 6" 0.5 March 19, 1998 <10

S-11 S-11 6"(Dupl.) 0.5 March 19, 1998 <10

S-11 S-11 12" 1.0 March 19, 1998 1,200.0

S-12 S-12 0"(Dupl.) 0.0 March 19, 1998 100.0
S-12 S-12 0" 0.0 March 19, 1998 110.0

S-12 S-12 6" 0.5 March 19, 1998 <5.0

S-13 S-13 0" 0.0 March 19, 1998 1,100.0

S-13 S-13 6" 0.5 March 19, 1998 270.0

S-13 S-13 12" 1.0 March 19, 1998 1,300.0

S-14 S-14 0" 0.0 March 18, 1998 460.0

S-14 S-14 6" 0.5 March 18, 1998 11.0

S-14 S-14 12" 1.0 March 18, 1998 <10

S-14 S-14 24" 2.0 March 18, 1998 1,900.0

S- 14 S-14 24"(Dupl.) 2.0 March 18, 1998 3,500.0
S-15 S-15 0" 0.0 March 18, 1998 1,900.0

S-15 S-15r-0" 0.0 July 17, 1998 620.0
S-15 S-15 6" 0.5 March 18, 1998 34.0

S-15 S-15 12" 1.0 March 18, 1998 11.0

S-15 S-15 24" 2.0 March 18, 1998 31.0

S-16 S-16 0" 0.0 March 19, 1998 210.0

S-16 S-16 0"(Dupl.) 0.0 March 19, 1998 220.0
S-16 S-16 6" 0.5 March 19, 1998 100.0

S-17 S-17 0" 0.0 March 19, 1998 140.0

S-17 S-17 12" 1.0 March 19, 1998 < 5.0

S-18 S-18 0" 0 March 19, 1998 330.0

S-18 S-18 6" 0.5 March 19, 1998 530.0
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SAMPLE LOCATION SAMPLE ID AND DEPTH SAMPLE DEPTH (feet) COLLECTED TOTAL LEAD (mg/kg)

S-18 S-18 12" 1.0 March 19, 1998 1,500.0

S- 18 S-18 12"(Dupl.) 1.0 March 19, 1998 24,000.0
S-18 S-18r-12" 1.0 July 17, 1998 630.0

S-19 S-19 0" 0 March 19, 1998 5,100.0

S-19 S-19r-0" 0.0 July 17, 1 98 740.0
S-19 S-19 6" 0.5 March 19, 1998 24.0

S-19 S-19 12" 1.0 March 19, 1998 420.0

S-20 S-20 0" 0.0 March 18, 1998 980.0

S-20 S-20 6" 0.5 March 18, 1998 86.0

S-20 S-20 12" 1.0 March 18, 1998 87.0

S-20 S-20 24" 2.0 March 18, 1998 130.0

S-21 S-21 0" 0.0 March 18, 1998 75.0

S-21 S-21 6" 0.5 March 18, 1998 110.0

S-21 S-21 12" 1.0 March 18, 1998 <10

S-21 S-21 24" 2.0 March 18, 1998 <10

S-22 S-22 0" 0.0 March 19, 1998 970.0

S-22 S-22 6" 0.5 March 19, 1998 1,200.0

S-22 S-22 12" 1.0 March 19, 1998 2,200_0

S-22 S-22r-12" 1.0 July 17, 1998 8.2

S-23 S-23 0" 0.0 March 19, 1998 180.0

S-23 S-23 6" 0.5 March 19, 1998 110.0

S-23 S-23 12" 1.0 March 19, 1998 58.0

S-24 S-24 0" 0.0 March 19, 1998 370.0

S-24 S-24 6" 0.5 March 19, 1998 170.0

S-24 S-24 12" 1.0 March 19, 1998 82.0

S-25 S-25 0" 0.0 March 19, 1998 1,100.0

S-25 S-25 6" 0.5 March 30, 1998 300.0

S-26 S-26 0" 0.0 March 19, 1998 1,200.0

S-26 S-26 6" 0.5 March 19, 1998 360.0

S-26 S-26 12" 1.0 March 19, 1998 3,000.0
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S-27 S-27 0" 0.0 March 19, 1998 110.0
S-27 S-27 6" 0.5 March 19, 1998 240.0
S-27 S-27 12" 1.0 March 19, 1998 < 0.5

S-28 S-28 0" 0.0 March 19, 1998 380.0
S-28 S-28 6" 0.5 March 19, 1998 84.0
S-28 S-28 12" 1.0 March 19, 1998 180.0

S-29 S-29 0" 0.0 March 19, 1998 220.0
S-29 S-29 6" 0.5 March 19, 1998 92.0
S-29 S-29 12" 1.0 March 19, 1998 51.0
S-30 S-30 0" 0 March 19, 1998 180.0
S-30 S-30 6"(Dupl.) 0.5 March 19, 1998 150.0

S-30 S-30 6" 0.5 March 19, 1998 180.0
S-30 S-30 12" 1 March 19, 1998 44.0
S-31 S-31 0" 0.0 March 19, 1998 180.0
S-31 S-31 6"(Dupl.) 0.5 March 30, 1998 940

S-31 S-31 6" 0.5 March 30, 1998 100.0
S-32 S-32 0" 0.0 March 19, 1998 540.0
S-32 S-32 6" 0.5 March 19, 1998 130.0

S-32 S-32 12" 1.0 March 19, 1998 70.0
S-33 S-33 0" 0.0 March 19, 1998 12.0
S-33 S-33 6" 0.5 March 19, 1998 <5.0
S-33 S-33 12" 1.0 March 19, 1998 19.0

S-34 S-34 0" 0.0 March 19, 1998 140.0
S-34 S-34 0"(Dupl.) 0.0 March 19, 1998 140.0
S-34 S-34 12" 1.0 March 19, 1998 330.0
S-35 S-35 0" 0.0 March 19, 1998 260.0
S-35 S-35 6" 0.5 March 19, 1998 96.0

S-35 S-35 12" 1.0 March 19, 1998 130.0
S-35 S-35 12"(Dupl.) 1.0 March 19, 1998 160.0
S-36 S-36 0" 0.0 March 18, 1998 240.0
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DATE SAMPLE

SAMPLE LOCATION SAMPLE ID AND DEPTH SAMPLE DEPTH (feet) COLLECTED TOTAL LEAD (mg/kg)

S-36 S-36 0" (Dupl.) 0.0 March 18, 1998 310.0

S-36 S-36 6" 0.5 March 18, 1998 46.0

S-36 S-36 12" (Dupl.) 1.0 March 18, 1998 42.0

S-36 S-36 12" 1.0 March 18, 1998 66.0

S-38 S-38 0" 0.0 March 19, 1998 430.0

S-38 S-38 6" 0.5 March 19, 1998 120.0

S-38 S-38 12" 1.0 March 19, 1998 <5.0

S-38 S-38 12"(Dupl.) 1.0 March 19, 1998 <5.0

S-39 S-39 0" 0.0 March 19, 1998 21.0

S-39 S-39 0"(Dupl.) 0.0 March 19, 1998 23.0
S-39 S-39 6" 0.5 March 19, 1998 16.0

S-39 S-39 12" 1.0 March 19, 1998 43.0

T-01 T-01 0" 0.0 March 18, 1998 380.0

T-01 T-01 6" 0.5 March 18, 1998 180.0

T-O1 T-¢}I g" tr_,,nl _ n _ March I_, !998 290.0

T-01 T-01 12" 1.0 March 18, 1998 4,300.0

T-01 T-lr-12" 1.0 July 17, 1998 350.0
T-01 T-01 24" 2.0 March 18, 1998 460.0

T-02 T-02 6" 0.5 March 18, 1998 3,900.0

T-02 T-2r-6" 0.5 July 17, 1998 5,900.0

T-02 T-02 2" 1.0 March 18, 1998 980.0

T-02 T-02 24" 2.0 March 18, 1998 30.0

T-02 T-02 0" 0" March 18, 1998 3,300.0
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SAMPLE LOCATION SAMPLE ID AND DEPTH SAMPLE DEPTH (feet) COLLECTED TOTAL LEAD (mg/kg)

T-03' T-03 0" 0.0 March 18, 1998 1,700.0
T-03 T-03 6" 0.5 March 18, 1998 2,600.0

T-03 T-3r-6" 0.5 July 17, 1998 2,800.0
T-03 T-03 12" 1.0 March 18, 1998 220.0
T-03 T-03 24" 2.0 March 18, 1998 150.0

T-04 T-04 0" (Dupl) 0.0 March 18, 1998 2,500.0
T-04 T-04 0" 0.0 March 18, 1998 20,000.0

T-04 T-4r-0" 0.0 July 17, 1998 2,000.0
T-04 T-04 6" 0.5 March 18, 1998 100.0

T-04 T-04 12" 1.0 March 18, 1998 630.0
T-04 T-04 24" 2.0 March 18, 1998 <10

Notes:

The source of this data is AGS 1998.

mg/kg - milligrams per kilogram
" - inches



TABLE 6-3

TOTAL AND SOLUBLE LEAD IN SOIL SAMPLES FROM BERM,

PISTOL AND SHOTGUN RANGE, AND SPENT ORDNANCE DISPOSAL AREA
ALAMEDA POINT

Soluble Soluble

Distance Date Total Lead- Lead-

Horizontally Sample Lead WET Method SPLP Method

Sampling Location Sample ID Into Berm (feet) Collected (mg/kg) (mg/L) (mg/L)

B-1A B-1Ar-24 2.0 July 17, 1998 150 650 Not Analyzed

B- 1B B- 1Br-0 0.0 July 17, 1998 600 990 Not Analyzed

B-1B B-1Br-6 0.5 July 17, 1998 120 9.6 Not Analyzed

B-1C B-1Cr-0 0.0 July 17, 1998 24,000 960 15

B- 1D B- 1Dr-0 0.0 July 17, 1998 1,300 720 <0.10

B- 1E B- 1Er-0 0.0 July 17,1998 140 10 Not Analyzed

B-2D B-2Dr-0 0.0 July 17,1998 13,000 290 Not Analyzed

B-3A B-3Ar- 12 1.0 July 17,1998 2,600 430 Not Analyzed

B-3D B-3Dr-0 0.0 July 17,1998 4,800 16 Not Analyzed

B-3D B-3Dr- 12 1.0 July 17,1998 1,900 290 Not Analyzed

B-4B B-4Br-0 0.0 July 17,1998 2,000 280 Not Analyzed

B-4B B-4Br- 12 1.0 July 17,1998 60,000 1,000 Not Analyzed

B-4C B-4Cr-6 0.5 July 17,1998 42,000 800 Not Analyzed

B-4C B-4Cr- 12 1.0 July 17,1998 5,000 460 Not Analyzed

B-4D B-4Dr-0 0.0 July 17, 1998 1,400 440 0.18

B-4D B-4Dr-6 0.5 July 17, 1998 33,000 470 Not Analyzed

Notes:

The source of these data is AGS 1998.

mg/kg - Milligrams per kilogram

mg/L - Milligrams per liter

SPLP - Synthetic Precipitate Leaching Procedure
WET - Waste Extraction Test

< - Less than



TABLE 6-4

TOTAL AND SOLUBLE LEAD IN SOIL SAMPLES FROM OUTSIDE BERM,
PISTOL AND SHOTGUN RANGE, AND SPENT ORDNANCE DISPOSAL AREA

ALAMEDA POINT

Soluble Lead-

Date Sample Total Lead WET Method

Sampling Location Sample ID Sample Depth (feet) Collected (mg/kg) (mg/L)

S-04 S-4r-6 0.5 July 17, 1998 700 92

S- 15 S- 15r-0 0.0 July 17, 1998 620 42

S-18 S-18r-12 1.0 July 17, 1998 630 58

S-19 S-19r-0 0.0 July 17, 1998 740 39

S-22 S-22r-12 1.0 July 17, 1998 8.2 0.33

T-01 T-lr-12 1.0 July 17, 1998 350 28

T-02 T-2r-6 0.5 July 17, 1998 5,900 560

T-03 T-3r-6 0.5 July 17, 1998 2,800 280

T-04 T-4r-0 0.0 July 17, 1998 2,000 710
Notes:

The source of this data is AGS 1998.

mg/kg - Milligrams per kilogram

mg/L - Milligrams per liter
WET - Waste Extraction Test



TABLE 6-5
CAM 17 METALS IN SOIL,

PISTOL AND SHOTGUN RANGE, AND SPENT ORDNANCEDISPOSAL AREA
ALAMEDA POINT

Sample ID and Depth

Is_171s.191s_ 31s_ 41s_ 71s_ 71s_ 4Chemical Name 1 ft 1 ft 0.5 ft 0.5 ft 0.5 ft 0.5 ft 1 ft 1 ft

CAM 17 Metals(EPA Methods6010 and7471) (m_/k_)
Antimony <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0
Arsenic <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0
Barium 28 59 54 83 50 53 26 120

Beryllium <0.5 <0.5 <0.5 <5.0 <0.5 <0.5 <0.5 <0.5
Cadmium <0.5 <0.5 <0.5 3.2 2.1 4.8 <0.5 19
Chromium 27 61 26 24 46 33 30 81
Cobalt 5.6 6.7 6.1 5.7 5.9 7 5.2 6.7

Copper 11 16 22 43 41 68 6.6 270
Lead <5.0 <5.0 24 110 170 240 <5.0 330

Mercury <0.02 <0.02 <0.02 0.24 0.094 0.44 0.026 0.33
Molybdenum <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5
Nickel 25 50 25 28 28 29 28 51
Selenium <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0

Silver <0.5 <0.5 <0.5 <2.5 <0.5 4.2 <0.5 4.1
Thallium <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0
Vanadium 21 22 24 21 21 36 20 27
Zinc 28 32 59 140 490 150 22 560
Notes:

The source of these data is AGS 1998.
CAM - California Administrative Manual

EPA - U.S. Environmental Protection Agency
ft - Feet
< - Less than

mg/kg - Milligrams per kilogram
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TABLE 6-6

PETROLEUM CONSTITUENTS IN SOIL,
PISTOL AND SHOTGUN RANGE AND SPENT ORDNANCE DISPOSAL AREA

ALAMEDA POINT

Sample ID and Depth

+-,,r +_,+r+Petroleum Constituents 0 ft 0 ft 1 ft 1ft 0.5 ft 0 ft 0 ft 1 ft

(EPA Methods 8015M & 8020) (mg/kg)
Gasoline NA NA <1.0 <1.0 <1.0 NA NA NA
Benzene NA NA <0.005 " <0.005 <0.005 NA NA NA

Toluene NA NA <0.005 <0.005 <0.005 NA NA NA
Ethylbenzene NA NA <0.005 <0.005 <0.005 NA NA NA

Total Xylenes NA NA <0.005 <0.005 <0.005 NA NA NA
Diesel NA NA 77 NA 18 NA NA NA
Motor Oil NA NA NA 270 110 NA NA NA

PolychlorinatedBiphenyls (EPA Method 110 (Aroclor- 48 (Aroclor- NA NA NA ND ND ND
8080) (lag/kg) 1254);67 1260)

(Aroclor-

Organochlorine Pesticides (EPA Method NA NA NA NA NA ND ND ND
_080 Modified) (lag/kg)
Notes:

The source of these data is AGS 1998.
ft - Feet
< - less than

mg/kg - Milligrams per kilogram
Bg/kg - Micrograms per kilogram
NA - Not Analyzed
ND - Not Detected above limit of detection



TABLE 6-7
SEMIVOLATILE ORGANICS IN SOIL,

PISTOL AND SHOTGUN RANGE AND SPENT ORDNANCEDISPOSAL AREA
ALAMEDA POINT

Sample ID and Depth

s_41s_61s_16[s_17s_8s-31s-341s-rSemivolative Orl_anics 1 ft 1 ft l ft 0.5 ft 1 ft I ft (Dup1) 1 ft 0.5 ft 0 ft
(_tg&g)

Benzo (a) anthracene <250 6,500 1,400 <500 <250 <500 <1,250 <1,250 2,500

Benzo (b) fluoranthene <250 11,000 1,200 <500 <250 <500 <1,250 <1,250 4,300
Benzo (k) fluoranthene <250 3,600 <500 <500 <250 <500 <1,250 <1,250 1,300

Benzo (g,h,i) perylene <250 3,200 <500 <500 <250 <500 <1,250 <1,250 2,900
Benzo (a) pyrene <250 8,100 610 <500 <250 <500 <1,250 <1,250 3,500
Chrysene <250 7,600 1,400 <500 <250 <500 <1,250 <1,250 2,600
Fluoranthene <250 7,800 2,700 <500 <250 <500 <1,250 <1,250 3,800
lndeno(1, 2, 3 - cd) pyrene <250 4,000 <500 <500 <250 <500 <1,250 <1,250 2,800
Nitrosodiphenylamine <250 <1,250 <500 <500 <250 <500 <1,250 <1,250 1,000
Phenanthrene <250 3,700 1,800 <500 <250 <500 <1,250 <1,250 1,600

Pyrene <250 8,600 2,200 <500 <250 <500 <1,250 <1,250 3,200
Notes:

The source of this data is AGS 1998.

pg/kg - Micrograms per kilogram
Dupl - Duplicate
ft - Feet
< - Less than



TABLE 6-8

SUMMARY OF RADIOLOGICAL ANALYSIS FOR SOIL,
PISTOL AND SHOTGUN RANGE AND SPENT ORDNANCE DISPOSAL AREA

ALAMEDA POINT

Sample ID and Depth
Radionuclides 0 feet

(pCi/g)

Gross Alpha 3.48 +-2.6

Gross Beta I 1.0 -+5. l

Radium 226 0.314 +-0.055

Radium 228 < 0.216

Notes:

The source of these data is AGS 1998.
< - Less than

pCi/g - Picocuries per gram

± - Plus or minus



TABLE 6-9

TOTAL LEAD IN GRAB GROUNDWATER SAMPLES,
PISTOL AND SHOTGUN RANGE AND SPENT ORDNANCE DISPOSAL AREA

ALAMEDA POINT

Sampling Date Sample Total Lead

Location Sample ID Collected (mg/L)
S-5 S-5-W March 19, 1998 0.0075

S-7 S-7-W March 19, 1998 <0.0050

S-36 S-36-W March 19, 1998 <0.0050

Notes:

The source of these data is AGS 1998.

mg/L - Milligrams per liter
< - Less than



TABLE 6-10
RI SITE 1

SUMMARY OF RI ACTIVITIES
ALAMEDA POINT

(Page 1 of 2)

Period Contractor Activities Chemical Groups Anai_'zed Reference
1990 Canonie • Surfacesoil samplescollected • Surfacesoil: SVOCs, PRC andJames M.
(Phases 1and 2A - • Subsurfacesoil samplescollected pesticides/PCBs,TRPH, metals, Montgomery 1993
Phase I of SWAT) radionuclides,pH

• Subsurface soil: VOCs, SVOCs,
pesticides/PCBs, metals,
radionuclides, general chemical
parameters

1991 PRC and • Surface soil samples collected • Surface soil: SVOCs, PRC and Montgomery
(Phases 5 and 6 - Montgomery • Subsurface soil samples collected pesticides/PCBs, metals, Watson 1993
Phase II of SWAT) Watson • Twenty monitoring wells installed radionuclides, oil and grease

• Groundwater samples collected • Subsurface soil: VOCs, SVOCs,
pesticides/PCBs, metals,
radionuclides, oil and grease, general
chemical parameters

• Groundwater: VOCs, SVOCs,
metals, cyanide, pesticides/PCBs,
TRPH, radionuclides, general
chemical parameters

1994 PRC and • Surface soil samples collected • Surface soil: SVOCs, PRC and Montgomery
(CTO 280) Montgomery • Subsurface soil samples collected pesticides/PCBs, metals, TPH-E, Watson 1995

Watson • Thirteen monitoring wells installed TPH-P, dioxins, general chemical
• Groundwater samples collected parameters
• Conepenetrometer testing • Subsurface soil: VOCs, SVOCs,
• HydroPunch samples collected metals, radionuclides, TPH-E, TPH-

P, general chemical parameters
• Groundwater: VOCs, SVOCs,

metals, cyanide, radionuclides,
general chemical parameters

• HydroPunch: VOCs, SVOCs,
metals, sulfides, general chemical
parameters



TABLE 6-10
SUMMARY OF RI ACTIVITIES

SITE 1
ALAMEDA POINT

(Page 2 of 2)

Period Contractor Activities Chemical Groups Anal_,zed Reference
1997-1998 TtEMIandU&A * Groundwatersamples collected * Groundwater:VOCs, SVOCs, TtEMIandU&A 1998
(CTO108 - metals,TPH-E,TPH-P,general
Groundwater chemicalparameters
MonitoringPlan)

Notes:

RI Remedial investigation SWAT Solid wastewater assessment test
PRC PRCEnvironmental Management, Inc. TRPH Total recoverable petroleum hydrocarbons
BTEX Benzene, toluene, ethylbenzene, xylene TPH-P Total petroleum hydrocarbons - purgeable
CTO Contract Task Order TPH-E Total petroleum hydrocarbons- extractable
PCB Polychlorinatedbiphenyls TtEMI Tetra Tech EM, Inc.
VOC Volatile organic compound U&A Uribe & Associates
SVOC Semivolatile organic compound
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TABLE 6-11

SURFACE SOIL SAMPLE SUMMARY
I R SITE 1

ALAMEDA POINT

(Page 1of 3)

Sampling Sample Sample Depth Sampling Date

Location Identification (feet bgs) Method Sampled Anal ,ses Performed

1990 Investigation by Canonie SVOC Pest/PCB TRPH T. Metals Radionucfides pH

A-I A! [0.0_).0[ 0.0 to 0.5 Stain!ess-steel trowel 5/3/90 X X X X

A-2 A2 [0.04).0] 0.0 to 0.5 Stalnless-steel trowel 5/3/90 X X X X

A-3 A3 [0.0.0.0] 0.0 to 0.5 Stainless-steel trowel 5/3/90 X X X X

A-4 A4 [0.0.0.0] 0.0 to 0.5 Stainless-steel trowel 5/3/90 X X X X

A-5 A5 [0.04).0] 0.0 to 0.5 Stainless-steeltrowel 5/3/90 X X X X

A-6 A6 [0.0.0.0] 0,0 to 0.5 Stainless-steeltrowel 5/3/90 X X X X

A-7 A7 [0.0.0.0] 0.0 to 0.5 Stalnless-steel trowel 5/3/90 X X X X X

A-8 A8 [0.0-0.0] 0.0 to 0.5 Stainless-steel trowel 5/3/90 X X X X X

B-2 B2 [0.04).0] 0.0 to 0.5 Stainless-steeltrowel 5/3/90 X X X X X

B-3 B3 [0.0-0.0] 0.0 to 0.5 Stainless-steeltrowel 5/3/90 X X X X X

B-4 B4[0.0.0.0] 0.0 to 0.5 Stainless-steel trowel 5/3/90 X X X X

B-5 B5 [0.04).0] 0.0 to 0.5 Stainless-steel trowel 5/3/90 X X X X

B-6 B6 [0.04).0] 0.0 to 0.5 Stainless-steeltrowel 513190 X X X X

B-7 B7 [0.04).0] 0.0 to 0.5 Stainless-steel trowel 5/3/90 X X X X

B-8 B8 [0.042.0] 0.0 to 0.5 S'-'_nless-steeltrowel 5/3/90 X X X X

DA-I DA-I [0.0.0.5] 0.0 to 0,5 Split spoon 5/16/90 X X X X

DA-IR DA-IR [0.0-0.5] 0.0 to 0.5 Split spoon 5/23/90 X X X X

DA-2 DA-2[0.0-0.5] 0.0 to 0.5 Split spoon 5!!8!90 X X X X X

DAR-1 DAR-1 [0.0-0.5] 0.0 to 0.5 Stainless-steel trowel 5117190 X X X X

DAR-2 DAR-2 [0.043.5] 0.0 to 0.5 Stainless-steel trowel 5/12/90 X X X X

DAR-3 DAR-3 [0.@0.5] 0.0 to 0.5 Stainless-steel trowel 5/12/90 X X X X

DAR-4 DAR-4 [0.04).5] 0.0 to 0.5 Stainless-steel trowel 5/12/90 X X X X

F-1 FI [0.04).0] 0.0 to 0.5 St-finless-steeltrowel 5/16/90 X X X X

F-2 F2 [0.0-0.0] 0.0 to 0.5 Shtinless-steel trowel 5/3/90 X X X X

F-3 F3 [0,0-0.0] 0.0 to 0.5 Stainless-steel trowel 5/3/90 X X X X

F-4 F4 [0.04).0] 0.0 to 0.5 Stainless-steel trowel 5/3/90 X X X X

F-5 F5 [0.0_0.0] 0.0 to 0.5 Stainless-steel trowel 5/3/90 X X X X

F-6 F6 [0.0.0.0] 0.0 to 0.5 Stainless-steel trowel 5/3/90 X X X X

F-9 F9 [0.0-0,5] 0.0 to 0.5 Stainless-steel trowel 5/4/90 X X X X

F-10 FIO [0.0-0.5] 0.0 to 0.5 Stainless-steel trowel 5/16/90 X X X X



TABLE 6-11
SURFACE SOIL SAMPLE SUMMARY

I R SITE 1
ALAMEDA POINT

(Page2 of 3)

Sampling Sample Sample Depth Sampling Date

Location Identification (feet bgs) Method Sampled Analyses Performed

1990 Investigation by Canonie SVOC Pest/PCB TRPH T. Metals RadionucUdes pH

G-I GI [0.0-0.0] 0.0 to 0.5 Stainless-steeltrowel 5/3/90 X X X X

G-2 G2 [0.04).0] 0.0 to 0,5 Stainless-steeltrowel 5/3/90 X X X X X

G-3 G3 [0.0-0.0] 0.0 to 0.5 Stainless-steel trowel 513190 X X X X

G-4 G4 [0.0-0.0] 0.0 to 0.5 Stainless-steeltrowel 513190 X X X X

G-5 G5 [0.0-0.0] 0.0 to 0.5 Stainless-steel trowel 5/3190 X X X X

G-8 G8 [0.0-0.0] 0.0 to 0.5 Stainless-steel trowel 514/90 X X X X

G-9 G9 [0.04).0] 0.0 to 0.5 Stainless-steeltrowel 5/16/90 X X X X

G-10 GIO [0.0-0.5J 0.0 to 0.5 Stainless-steel trowel 5116/90 X X X X

H-I HI [0.04).0] 0.0 to 0.5 Stainless-steel trowel 5/4/90 X X X X X

H-2 H2 [0.0-0.0] 0.0 to 0.5 Stainless-steel trowel 514190 X X X X

H-3 H3 [0.0-0.0] 0.0 to 0.5 Stainless-steeltrowel 514190 X X X X

H-4 H4 [0.0-0.0] 0.0 to 0.5 Stainless-steel trowel 514190 X X X X

H-8 H8 [0.0-0.0] 0.0 to 0.5 Stain/ess-steel trowel 5/4/90 X X X X

H-9 H9 [0.04).0] 0.0 to 0.5 Stainless-steel trowel 5116190 X X X X

1-2 12 [0.0-0.0] 0.0 to 0.5 Stainless-steeltrowel 5/4/90 X X x X

I-3 13 [0.04).0] 0.0 to 0.5 Stainless-steeltrowel 514190 X X X X

i-4 14 [0.0-0.0] 0.0 to 0.5 Stainless-steel trowel 514190 X X X X

I-7 17[0.0-0.0] 0.0to0.5 Stainless-steeltrowel 5/4/90 X X X

I-8 18[0.04).0] 0.0to0.5 Stainless-steeltrowel 5/16/90 X X X X

J-I Jl [0.0-0.0] 0.0 to 0.5 Stainless-steel trowel 514190 X X X X

J-2 J2 [0.04).0] O.0 to 0.5 Stainless-steeltrowel 514190 X X X X

J-3 J3 [0.0-0.0] 0.0 to 0.5 Stainless-steel trowel 5/4/90 X X X X

J-7 J7 [0.0-0.0] 0,0 to 0.5 Stainless-steel trowel 5/4/90 X X X X

I-8 J8 [0.0-0.0] 0,0 to 0.5 Stainless-steel trowel 5/16/90 X X X X

K-0 K0 [0.04).0] 0.0 to 0.5 Stalaless-steel trowel 5/16/90 X X X X

K-I KI [0.0-0.0] 0.0 to 0.5 Stainless-steel trowel 5/16/90 X X X X

K-2 I<2[0.00.0] 0.0 to 0.5 Stainless-steel trowel 5/4/90 X X X X

K-6 K6 [0.0-0.0] 0.0 to 0.5 Stainless-steel trowel 514190 X X X X

K-7 K7[0.0-0.0] 0,0 to 0.5 Stainless-steel trowel 5/16/90 X X X X

L-0 L0 [0.0,0,01 0.0 to 0.5 Stainless-steel trowel 5/16/90 X X X X

( ( (
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TABLE 6-11

SURFACE SOIL SAMPLE SUMMARY
I R SITE 1

ALAMEDAPOINT

(Page 3 of 3)

Sampling Sample Sample Depth Sampling Date

Location Identification (feet bgs) Method Sampled Analyses Performed

1990 Investigation by Canonie SVOC Pest/PCB TRPH T. Metals Radionuclides pH

L-I LI [0.0-0.0] 0.0to0.5 Stainless-steeltrowel 5/4/90 X X X X

L-2 L2 [0.0-0.0] 0.0to0.5 Stainless-steeltrowel 5/4/90 X X X X

L-5 L5[0.0-0,0] 0.0to0.5 Stainless-steeltrowel 5/4/90 X X X X

L-6 I.,6[0.0-0,0] 0,0to0.5 Stainless-steeltrowel 5116/90 X X X X

L-7 L7 [0.043,0] 0.0to0.5 Stainless-steeltrowel 5/16/90 X X X X

M-0 M0 [0.0-0.0] 0.0to0.5 Stainless-steeltrowel 5/4/90 X X X X

M-I MI [0.043.0] 0.0to0.5 Stainless-steeltrowel 5/4/90 X X X X

M-4 M4 [0.04).0] 0.0to0.5 Stainless-steeltrowel 5/16/90 X X X X

M-5 M5 [0.0-0.0] 0.0to0.5 Stainless-steeltrowel 514/90 X X X X

M-6 M6 [0.043.0] 0.0to0,5 Stainless-steeltrowel 5/16/90 X X X X

M-7 M7 [0.04).0] 0.0to0,5 Stainless-steeltrowel 5/16/90 X X X X

M-8 M8 [0,04).0] 0.0to0,5 Stainless-steeltrowel 5/16/90 X X X X

M-9 M9 [0.0-0.0] 0.0 to 0.5 Stainless-steel trowel 5/16190 X X X X

M-10 MI0 [0,0-0.5] 0.0to0.5 Stainless-steeltrowel 5/16/90 X X X X

N-0 I NO [0.04).0] 0.0to0,5 ] Stainless-steeltrowel .5/4/90 X X X X

l

0-0 l O0 [0.0-0.0] 0.0to0.5 [ Stainless-steeltrowel 5/4/90 X X X X
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TABLE 6-12

SUBSURFACE SOIL SAMPLE SUMMARY

IR SITE 1

ALAMEDA POINT

(Page 1 of 3)

i ISA''I L ISAMPLE SAMPLE DEPTH (feet SAMPLING
LOCATION IDENTIFICATION bgs) METHOD DATE ANALYSES PERFORMED

SOILBORINGSAMPLES VOCs SVOCs Pest/PCBs T. Metals Rad pH TPH - EXT TPH - PRG O & G % Moisture Anion Asbestos TOC

1990 Investigationby Canonie

DA-I DA-I [0.5-1.0] 0.5 to I split spoon 5116190 X X X

DA-IR [0.5-1.0] 0.5 to I,O split spoon 5123190 X

DA-IR [I.O-l.5] 1.0 to 1.5 split spoon 5/23/90 X

DA-I [1.5-2 0] 1.5 to 2.0 split spoon 5116190 X X X X X X

DA-IR [1.5-2.0] 1.5 to 2.0 split spoon 5123190 X

DA-I [25.0-25.5] 25 to 25.5 split spoon 5116190 X X X X X X

DA-I [25.5-26.0] 25.5 to 26 split spoon 5116190 X

DA-I [26.0-26.5] 26 to 26.5 split spoon 5116190 X

DA-I [50.0-50.5[ 50 to 50.5 split spoon 5/16/90 X X X X X X

DA-2 DA-2 [0,5-11 0.5 to 1 split spoon 5118190 X

I)A-2 12,0-2.51 2.0 to 2.5 split spoon 5/18/90 X

DA-2R 12.0-2.51 2.0 fo 2.5 split spoon 5123190 X X X X

DA-2 [2.5-3.01 2.5 to 3.0 split spoon 5118190 X

DA-2R 12.5-3.0] 2.5 to 3.0 split spoon 5123/90 X

DA-2R 13.0-3.5] 3.0 to 3.5 split spoon 5/18/90 X

DA-2R [3.5-4.01 3.5 to 4.0 split spoon 5/23/90 X

DA-2 112.0-12.5] 12.0 to 12.5 split spoon 5118190 X

DA-2 [12.5-13.0] 12.5 to 13.0 split spoon 5118190 X X X X

DA-2 [13.0-13.51 13.0 to 13.5 split spoon 5/18/90 X

DA-2 [25,0-25.51 25.0 to 25.5 split spoon 5118190 X

DA-2 126.0-26.5] 26.0 to 26,5 split spoon 5118190 X

DA-2 [39.0-39.5] 39.0 to 39.5 split spoon 5118190 X X X

DA-2 [39.0-39.5] 39.5 to 40.0 split spoon 5/18/90 X X X X

DA-2 [40.0-40.51 40.0 to 40.5 split spoon 5/18/90 X
MONITORINGWELL BORINGS

1991Investigation by PRC and Montgomery Watson

MOOI-A M-OOIA-OI3 X X X X X X X X

MOOI-B M-0OIB-57 X X X X X X X X

MOOI-E M-OOIE-5 X X X X X X X X

M002-A M.-(_O2A-006 X X X X X X X X

M-002E-022 X X X X X X X X

M002-E M-O23E-025 X X X X X X X X

MO03-A M-OO3A-O X X X X X X

M-003A-005 X X X X X X X X

M004-A M-004A-O X X X X X X

M-004A-004 X X X X X X X X

MO25-A M-025A-004 X X X X X X X X

M-025C-080 X X X X X X X X

M025-E M4)20E-033 X X X X X X X X



TABLE 6-12

SUBSURFACE SOIL SAMPLE SUMMARY

IR SITE 1

ALAMEDA POINT

(Page 2 of 3)

SAMPLE ISAMPLING ISAMPLE SAMPLE DEPTH (feet
LOCATION IDENTIFICATION bgs) METHOD DATE [ ANALYSES PERFORMED

MONITORINGWELL BORINGS(Continued) VOCs SVOCs Pest/PCBs T. Metals Rad pH TPH - EXT TPH - PRG O & G %Moisture Anion Asbestos TOC

1991 Investigation by PRC and Montgomery Watson (Conlinued)

M-025E4)22 21,5 to 22.8 Split spoon 5/24/91 X X X X X X X X

MO26-A M-O26A-004 3 to 4 Splitspoon 5/2/91 X X X X X X X X

M026-E M-026E-020 19.5 to 20.5 Splitspoon 512191 X X X X X X X X

M027-A M-027A-003 0.5 to 3.5 Split spoon 5113/91 X X X X X X X X

M027-B M-O27B-O05 7.5 to 9.5 Split spoon 4129/91 X X X X X X X X

M027-C M-027C-090 91 to 92 Split spoon 5/31/91 X X X X X X X X

M027-E M-027E-019 16.5 to 19.5 Split spoon 5/13/91 X X X X X X X X

MO28-A M-028A-007 2.5 to 7 Split spoon 4/30/91 X X X X X X X X

M028-E-OLD M-028E-006 3 to 6 Split spoon 511191 X X X X X X X X

M029-A M-O29A-004 4 to 4.8 Split spoon 4129/91 X X X X X X X x

MO29-E M4)29E-O02 2 Split spoon 4/29/91 X X X X X X X
MONITORINGWELL BORINGS

1994 Investigation by PRC and Montgomery Watson

M003-B 280-S01-035R 0 to 1,5 Split spoon 2/9/95 X

280-S01-036 2 to 2.5 Split spoon 8115194 X X X X X X X X

280-S01-036R 1.5 to 3 Split spoon 2/9/95 X

280-S01-037 3.5 to 4.5 Split spoon 8/15/94 : X X X X X X X

280-S01-037R 4.5 to 6 Split spoon 2/9/95 X

M003-E 280-801-032 0.5 to 1.5 Split spoon 8115/94 X X X X X X

280-S01-032R 0.5 to 1.5 Split spoon 2/9/95 X

280-S01-033 2.5 to 3.5 Split spoon 8/15/94 X X X X X X X

ZSO-SOI-O33R 2.5 to 3.5 Split spoon 219195 X

280-S01-034 4,5 to 5.5 Split spoon 8115194 X X X X X X X

280-S01-034R 4.5 to 5.5 Split spoon 2/9/95 X
M028-C 280-S01-038 0 to 1.5 Split spoon 8/11/94 X X X X X X

Z80-SOI_38R 0 to 1.5 Split spoon 219195 X

_80-S01-039 1.5 to 3 Splitspoon 8/I 1/94 X X X X X X X

_'80-S01-039R 1.5 to 3 Splitspoon 219195 X

_80-$01-040 3 to 4.5 Splitspoon 8/11/94 X X X X X X X

_80-S01-040R 3 to 4.5 Splitspoon 2/9/95 X

!280-801-041 4.5 to 6 Splitspoon 8/11/94 X X X X X X X

280-S01-041R 4.5 to 6 Splitspoon 219/95 X
M030-A 280-S01-042 0 to 1.5 Splitspoon 8115/94 X X X X X X

280-S01-042R 0.5 to 1.5 Splitspoon 219195 X

280-S01-043 2 to 3 Splitspoon 8115/94 X X X X X X X X

280-S01-043R 2 to 3 Split spoon 2/9/95 X

280-S01-O44 4.5 to 5.5 Split spoon 8/15/94 X X X X X X X

280-S01-044R 4.5 to 5.5 Split spoon 2/9/95 X
M030-C 280-S01-049 0 to 1.5 Split spoon 8/15194 X X X X X X X

280-S01-O49R 0 to 1.5 Split spoon 2/9/95

( ( (



( ( (
TABLE 6-12

SUBSURFACE SOIL SAMPLE SUMMARY

IR SITE 1

ALAMEDA POINT

(Page 3 of 3)

SAMPLE [ SAMPLING [
SAMPLE SAMPLE DEPTH (feet

LOCATION IDENTIFICATION bgs) METHOD DATE ANALYSES PERFORMED

MONITORINGWELL BORINGS(Continued) VOCs SVOCs Pest/PCBs T. Metals Rad pH TPH - EXT TPH - PRG O & G % Moisture Anion Asbestos TOC

1994 Investigation by PRCand Montgomery Watson

280-S01-050 2.5 103.5 Split spoon 8!15/94 X X X X X X X

280-S01-050R 1.5 to 3 Split spoon 219195 X

280-S01-051 5 to 6 Split spoon 8115194 X X X X X X X

280-S01-051R 3 to 4.5 Split spoon 2/9/95 X
M030-E 280-S01-046 0 to 1.5 Split spoon 8/15/94 X X X X X X

280-S01-046R 0.5 to 1.5 Split spoon 219195 X

280-S01.-047 2.5 to 4 Split spoon 8115194 X X X X X X X

280-S01-047R 1.5 to 2.5 Split spoon 219195 X

280-S01-048 4.5 to 5.5 Split spoon 8/15/94 X X X X X X X

280-S014)48R 4.5 to 5.5 Split spoon 2/9/95 X

280-S01-275 5.5 to 6.5 Split spoon 8115194 X X X X X X X
MO31-A 280-S01-052 0 to 1 Split spoon 8110194 X X X X X X X X

280-S01-053 2.5 to 3.5 Split spoon 8110194 X X X X X X X X X

280-S01-054 5 to 6 Split spoon 8/10/94 X X X X X X X X X
M031-C 280-S01-058 0 to 1.5 Split spoon 8110194 X X X X X X X X

280-S01-059 2.5 to 3.5 Split spoon 8/10/94 X X X X X X X X X

280-S01-060 2.5 to 3.5 Split spoon 8/10/94 X X X X X X X X X

280-S01-061 5 to 6 Split spoon 8/10/94 X X X X X X X X X

MO31-E 280-S01-055 0 to 1 Split spoon 8/10/94 X X X X X X X X X

280-S01-056 3 to 4 Split spoon 8/10/94 X X X X X X X

280-S01-057 1.5 to 2 Spti_spoou ' 8/10/94 X X X X X X X X X
M033-A 280-S01-065 0 to 1 Split spoon 8/10/94 X X X X X X X X

280-S014)66 2 to 3 Split spoon 8/10/94 X X X X X X X X X

Z80-S01-067 4.5 to 5.5 Split spoon 8/10/94 X X X X X X X X X
M034 A 280 SOl 069 2 to 3 Split spoon 8/10/94 X X X X X X X X X

280-S01-070 4.5 to 5.5 Split spoon 8/10/94 X X X X X X X X X
M035-A 280-S01-071 0 to 1 Split spoon 8/10/94 X X X X X X X X

280-S01-072 2.5 to 3.5 Split spoon 8110/94 X X X X X X X X X

280-S01-073 6 to 7 Split spoon ! 8/10/94 X X X X X X X X x
Notes:

bgs - Below groundsurface
% Moisture - Percentmoisture

O & G - Oil andGrease

PestJPCBs - Organochlorinepesticides/polychlorinaledbiphenyls

PRC - PRCEnvironmentalManagement,Inc.
Rad - Radionuclides

SVOCs - Semivolatileorganiccompounds

VOCs - Volatileorganiccompounds
T. Metals - Total metals

TOC - Total organic carbon

TPH-EXT - Total Petroleum Hydrocarbons - Extractable

TPH-PRG - Total Petroleum Hydrocarbons- Purgeable
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TABLE 6-13

GEOTECHNICAL SAMPLE SUMMARY

IR SITE 1

ALAMEDA POINT

(Page I of 2)

SAMPLE SAMPLE SAMPLING SAMPLE COLLECTION MOISTURE DRY SPECIFIC WET GRAIN SIZE LIQUID PLASTIC PLASTICITY

LOCATION IDENTIFICATION DEPTH (It bgs) METIIOD DATE CONTENT DENSITY GRAVITY DENSITY CEC PERMEABILITY DISTRIBUTION CONSOLIDATION LIMIT LIMIT INDEX COMPACTION
1990 Investigation by Canonie

DA-I 0 - 2t California Sampler 5/16/90 X X X X

0 - 0.5 California Sampler 5/16/90 X X X X

0.5 - Ik California Sampler 5/16/90 X X X X XI X

26.5 - 27 California Sampler 5/16/90 X X X X X X X

30 - 30.5 h California Sampler 5116190 X X X X X X X

30.5 - 311 California Sampler 5116190 X X X Xj X

54 - 54.5 k California Sampler 51t6/90 X X X XI X
DA-2 O - 2m California Samp[er 5118190 X X X X

0 - 0.5 California Sampler 5118190 X X X X

I - 1.5k California Sampler 5118190 X X X Xt

10 - 10.5 California Sampler 5118/90 X X X X X X X

27 - 27.5 k California Sampler 5118190 X X X XI X

41 - 41.5 k California Sampler 5/18/90 X X X X XI X

80 - 80,5 k Dry Core Sampler 5118190 X X X XI X

1991 Investigation by PRC and Montgomery Watson

MOOI-A 10.5 - 11 Split Spoon 4125191 X
MOOI-B 60.5 - 61.5 Continuous Core 5113/91 X X X X X

MOOI-E 28.5 ta Split Spoon 4126/91 X X X_ X X

M002-A 5.5 - 6 Split Spoon 6/4/91 X

M002-E 20.5 - 211:4 Split Spoon 5/23/91 X X Xc X X

M003-A 10.5 - 11 Split Spoon 5/23/91 X X

M004-A 10.5 - I 1 Split Spoon 5/28/91 X

MOOS-A 11.5 - 12.5 Split Spoon 5129191 X X X

M006-A l0 - 10.5 Split Spoon 5/29/91 X

M007-A 8 - 8.5 Split Spoon 5/29/91 X X X X X
M007-C 83.5 - 84 b Continuous Core 614191 X X X¢ X

MOOg-A I0 - IO.5 Split Spoon 5129/91 X

MO09-A i I - I 1.5 Split Spoon 5/30/91 X X X X

10.5 - 11 Split Spoon 5130/91 X

M025-A 10- 10.5 Split Simon 5124191 X
M025-C 83 - 83.5 b Continuous Core 5123/91 X X Xc X

M025-E 28.5 - 29 bd Split Spoon 5124/91 X X Xc X X

MO26-A 11.5 - 12 Split Spoon 5/2/91 X X X X X

MO27-B 57.5 - 58 Continuous Core 5/3/91 X X X X X

M027-C 9lb Continuous Core 517191 X X Xc

MO27-E 20.5 - 2i Split Spoon 5/13/91 X

MO28-A 10.5 - I I Split Spoon 4/30/91 X X X X X

M029-E 16 - 16.5 Split Spoon 4/29191 X

1994 Investigation by PRC and Montgomery Watson

MOO3-E I 1.5 - 13c Split Spoon 8115194 X X X X x r x x X X

MO30-A 8.5 - 10e Split spoon 8/15/94 x X X X XI X x x x



TABLE 6-13

GEOTECHNICAL SAMPLE SUMMARY

IR SITE I

ALAMEDA POINT

(Page 2 of 2)

GEOTECIINICAL ANALYSESPERFORMED

SAMPLE SAMPLE SAMPLE SAMPLING SAMPLECOLLECTION MOISTURE DRY SPECIFIC WET GRAINSIZE LIQUID PLASTIC PLASTICITY

LOCATION IDENTIFICATION DEPTH[It bgs) METHOD DATE CONTENT DENSITY GRAVITY DENSITY CEC PERMEABILITY DISTRIBUTION CONSOLIDATION LIMIT LIMIT INDEX COMPACTION

4 - 6.5 SplitSpoon 8/15/94 X X X

4.5 - 6¢ SplitSpoon 8/15/94 X X X X Xf X
M030-C 4.5 - 5 SplitSpoon 10114194 X X X

4 - 4.5c SplitSpoon 10/14/94 X X X Xs

4 - 5.5 SplitSimon 10114194 X X
MO30-E 2.5 - 4e SpillSpoon 8/15/94 X X X X Xs X X X X

14- 15.5c SplitSpoon 8/15/94 X X X X Xr X X X X

Notes:

b- Moisturecontentanddrydensityweredeterminedfor laboratorypermeabilitytest

c - Constantheadpermeabilitytestperfornk'_lduring1991investigation

d- Moisturecontentanddry densitywerede(erminedforconsolidationtest

e - Moistureconlent,dry density,andspecificgravityweredeterminedfor permeabilitytest

f- Constantheadpermeabilitytestperformedduring1994investigation

g - Fallingheadpermeabilitytestperformedduring1994investigation

h - Moisturecontent,dry density,andwetdensityweredeterminedfor consolidationtest

i - Moisturecontent,drydensity,andwet densityweredeterminedfor boththeconsolidationtest andthe fallingheadpermeabilitytest

j - Fallingheadpermeabilitylestperformedduring1990investigation

k- Moisturecon(etu,dry density,andwetdensityweredeterminedforpermeabilitytusl
I - Constantheadpermeabilitytestperformedduring1990investigation

m - Moisturecontent,drydensity,andwetdensityweredelerminedforcompactiontest

fl hgs* Feetbelowgroundsurface

CEC- Cationexchangecapacity

( ( (



TABLE 6-14

MONITORING WELL CONSTRUCTION DETAILS
IR SITE 1

ALAMEDA POINT

Page 1 of 2

TOP OF CASING TOTAL BOREHOLE TOTAL WELL WELL SCREEN BLANK CASING FILTER BENTONITE SEAL CEMENT GROUT'

WELL ELEVATION DEPTH DEPTH DIAMETER INTERVAL INTERVAL INTERVAL INTERVAL INTERVAL

iDENTIFICATION (feet MLLW) (feet hgs) (feet bgs) (inches) feet below TOC (feel below TOC) (feet below TOC) (feet below TOC) (feet below TOC)

M001-A 9.34 15.0 14.5 2.0 4.0-14.0 0.0-4.0 3.0-15.0 2.0-3.0 0.0-2.0

M001-B 9.88 77.0 72.5 2.0 62.0-72.0 0.0-62.0 55.5-72.0 51.0-55.5 0.0-51.0

M001-E 10.05 29.0 20.0 2.0 9.5-19.5 0.0-9.5 7.5-20.0 5.0-7.5 0.0-5.0

M002-A 11.27 10.5 10.5 2,0 4.0-10.0 0.0-4.0 3.0-10,5 2.0-3.0 0.0-2,0

M002-E 11.07 23.0 20.5 2.0 10-0-20.0 0,0-10,0 9.0-20.5 7.0-9.0 0.0-7.0

M003-A 11.13 15.0 14.5 2.0 4.0-14.0 0.0-4.0 3.0-15.0 2.0-3.0 0.0-20

M003-B 12.75 44.5 43.0 3.0 33.0-43.0 0.0-33.0 29.5-44,5 26.5-29.5 0.0-26.5

M003-E 11.28 22.0 21.5 2.0 11.25-21.25 0.0-11.25 9.25-21.25 7.25-9.25 0.0-7.25

M004-A 10.6 14.5 14.0 2.0 3.5-13.5 0,0-3.5 2.5-14.5 1,5-2.5 0.0-1.5

M025-A 8.86 15.0 14.5 2,0 4.0-14.0 0.0-4.0 3.0-15.0 2.0-3.0 0,0-2.0

M025-C 8.33 87.0 80.0 2.0 70.0-79.5 0.0-70.0 65.0-80.0 62.0-65.0 0.0-62.0

M025-E 8,62 31.0 27.5 2.0 17.0-27,0 0,0-17.0 14.0-28.0 12.0-14.0 0,0-12,0

M026-A 8.4 14.0 14.0 2,0 3.5-13.5 0.0-3.5 2.5-14.0 1.5-2.5 0.0-1.5

M026-E 8.37 25.5 21.5 2.0 11.0-21.0 0.0-11.0 8.0-21.5 5.0-8.0 0.0-5.0

M027-A 9.7 14,0 14.0 2.0 3.5-13.5 0.0-3.5 2.5-14.0 1.5-2.5 0.0-1.5

M027-B 9.66 72,0 66_5 2.0 56.0-66,0 0.0-56.0 54.0-66.5 50.5-53.0 0.0-50.5

M027-C 9.26 94.0 90.5 2.0 80.0-90.0 0.0-80.0 75.0-94.0 72.5-75.0 0.0-72.5

M027-E 9.52 29.5 22.5 2.0 12.0-22.0 0.0-12.0 10.0-22.5 7.0-10.0 0.00-7.0

M028-A !0.66 15.5 14.5 2.0 4.0-14.0 0.0-4.0 3.0-15.5 2.0-3.0 0.0-2.0

M028-C 12.27 92.5 90.0 3.0 80.0-90.0 0.0--80.0 75.0-90.0 72.0-75.0 0,0-72.0

M028-E-old 10.75 29.5 21.5 2.0 11.0-21.0 0.0-11.0 9.0-22.0 7.0-9.0 0.0-7.0

M028-E 10.75 21,0 21.0 2.0 11.0-21.0 0.0-11.0 9.0-21.0 7,0-9.0 0.0-7.0

M029-A 9.78 15.0 14.5 2.0 4.0-14.0 0.0-4.0 3.0-15.0 2.0-3.0 0.0-2.0

M029-E 8.94 25.0 20.5 2.0 10.0-20.0 0.0-10.0 9.0-21,0 6.0-9.0 0.0-6.0

M030-A 10.42 12.5 12,5 2.0 2,5-12.5 0,0-2.5 2.12.5 1.0-2.0 0.0-1.0

M030-C 11.94 89.5 86.5 3.0 76.5-86.5 0.0-76.5 73.5-87.5 70.5-73.5 0.0-70.5

M030-E 10.38 16.0 16.0 2.0 6.0-16.0 0.0-6.0 4.0-16.0 2.0-4.0 0.0-2.0

M031-A 8.81 12.5 12.5 2.0 2.5-12.5 0.0-2.5 2.0-12.5 1.5-2.0 0,0-1.5

M031-C 10.4 92.5 87.5 3.0 77.5-87.5 0.0-77.5 74.5-88.0 71.5-74.5 0.0-71.5

M031-E 8.81 19.5 18.0 2.0 8.0-18.0 0.0-8.0 6.0-18.0 4,0-6.0 0.0-4.0

M033-A 10.5 12.5 12.5 2.0 4.25-12.5 0.0-4.25 2,5-12.5 1.5.2.5 0.0-1.5



TABLE 6-14
MONITORING WELL CONSTRUCTION DETAILS

IR SITE 1
ALAMEDAPOINT

Page 2 of 2

TOP OF CASING TOTALBOREHOLE TOTALWELL WELL SCREEN BLANKCASING FILTER BENTONITESEAL CEMENT GROUT

WELL ELEVATION DEPTH DEPTH DIAMETER INTERVAL INTERVAL INTERVAL INTERVAL INTERVAL

IDENTIFICATION (feet MLLW) (feetbgs) (feet bgs) (inches) feet belowTOC) (feetbelowTOC) (feet belowTOC (feet belowTOC) (feet below TOC)

M034-A 9.21 12.5 12.5 2.0 4.25-12.5 0.0-4.25 2.5-12.5 1.5-2.5 0.0-1.5

M035-A 10.94 14.0 14.0 2.0 4.0-14.0 0.0-4.0 2.5-14.0 1.5-2.5 0.0-1.5

Notes:

bgs - Below groundsurface

MLLW - Mean lower low water

TOC -Top of casing



TAB_LI_,6-15 (
GROUNDWATER SAMPLE SUMMARY

IR SITE 1
ALAMEDA POINT

(Page 1of 9)

,AM,,NOI SA.,,I ILOCATION IDENTIFICATION (feet bgs) UNIT SAMPLED Analyses Performed

_IYDROPUNCltTM GROUNDWATER SAMPLES

1994 - 1995 Investigation byPRC and Montgomery Watson VOC SVOC D. Metals Sulfides GeneralChemicalsI

HPI-IO-A 280-S01-244 8 FWBZU 8/9/94 X X

HPI-IO-D 280-S01-246 48.7 SWBZU 8/9/94 X X X

HPI-10-E 280-S01-245 17 FWBZL 8/10/94 X X X

HPI- I 1-A 280-S01-247 8 FWBZU 8/9/94 X X X

HPI-I I-D 280-S01-249 60 SWBZLI 8/9/94 X X X

HPI-I I-E 280-S01-248 17 FWBZL 8/9/94 X X X

ttPI-2-A 280-S01-233 8.5 FWBZU 8/8/94 X X X

'_duplicate) 280-S01-234 8.5 FWBZU 8/8/94 X X X

HPI-2-D 280-S01-236 37 SWBZU 8/8/94 X X X

tlPI-2-E 280-S01-235 16 FWBZL 8/8/94 X X X

HPI-5-A 280-S01-237 8 FWBZLI 8/8/94 X X X

HPI-5-D 280-S01-239 45 SWBZU 8/2/94 X X X X X

HPI-5-E 280-S0!-238 18 FWBZL 8/9/94 X X X

FIPI-8-A 280-S01-240 8 FWBZU 8/15/94 X X X

[-IPI-8-D 280-S01-243 47 SWBZO 8/15/94 X X X

[IPI-8-E 280-S01-241 15 FWBZL 8/I 5/94 X X X

280-S01-242 15 FWBZL I 8/15/94 X X X[duplicate)
1

SA.., 1LOCATION IDENTIFICATION (feet bgs) UNIT SAMPLED Analyses Performed

_AONITORINGWELLGROUNDWATERSAMPLES

1991 Investigation byPRC and Montgomery Watson VOC SVOC D. Metals Cyanide Pest/PCB TRPIt Rad GeneralChemicals_

VI-001A M-001A-004 4.0 to 14.0 FWBZU 6/17/91 X X X X X X X X

M-001A-Q2 9/19/91 X X X X X X X X

M-001A-Q3 I/14/92 X X X X X X X X

M-001A-Q4 3/26/92 X X X X X X X X

vI-001B M-001B-QI 62.0 to 72.0 SWBZL 6/18/91 X X X X X X X X

M-0OIB-Q2 9/19/91 X X X X X X X X

M-O01B-Q2-DUP 9/19/91 X X X X X X X X

M-001B-Q3 I/14/92 X X X X X X X X

M-001B-Q4 3/27/92 X X X X X X X X

M-0OIE M-001E-007 9.0to 19.0 FWBZL 6/17/91 X X X X X X X X

M-001E-Q2 9/19/91 X X X X X X X X

M-001E-Q3 1/14/92 X X X X X X X X

M-O01E-Q4 3/27/92 X X X X X X X X



TABLE 6-15
GROUNDWATER SAMPLE SUMMARY

IR SITE 1
ALAMEDA POINT

(Page 2 of 9)

SAMPLING SAMPLE SCREENED INTERVAL HYDROSTRATIGRAPIIIC DATE

LOCATION IDENTIFICATION (feet bgs) UNIT SAMPLED Analyses Performed

VlONITORINGWELLGROUNDWATERSAMPLES

1991 Investigation by PRCand Montgomery Watson (Continued) VOC SVOC D. Metals Cyanide Pest/PCB TRPtt Rad General Chemicals*

VI-OO2A M-OO2A-QI 5.0 to IO.O FWBZLI 6/19/91 X X X X X X X X

M-OO2A-Q2 9/20/91 X X X X X X X X

M-OO2A-Q3 I /14/92 X X X X X X X X

M-OO2A-Q4 3/30/92 X X X X X X X X

_d-OO2E M-OO2E-QI 10.0 to 20.0 FWBZL 6/19/91 X X X X X X X X

M-OO2E-Q2 9120191 X X X X X X X X

M-OO2E-Q3 1/14/92 X X X X X X X X

M-OO2E-Q4 3/30/92 X X X X X X X X

'€1-003A M-OO3A-004 4.0 to 14.0 FWBZU 6/17/91 X X X X X X X X

M-OO3A-Q2 9/20/91 X X X X X X X X

M-003A-Q3 1/I5/92 X X X X X X X X

M-OO3A-Q4 4/I 0/92 X X X X X X X X

M-O03A-Q4-DUP 4/I 3/92 X X X X X X X X

_t-OO4A M-OO4A-QI 3.0 to 13.0 FWBZU 6/18/91 X X X X X X X X

M-OO4A-Q2 9/20/91 X X X X X X X X

M-O04A-Q3 I/ 15/92 X X X X X X X X

M-O04A-Q4 4/13/92 X X X X X X X X

',,I-025A M-O25A-QI 4.0 to 14.0 FWBZL 6/28/91 X X X X X X X X

M-025A-Q2 I0/2/91 X X X X X X X X

M-O25AQ3 1/23/92 X X X X X X X X

M-O25A-Q4 3/31192 X X X X X X X X

M-O25A-Q4-DUP 3/31/92 X X X X X X X X

M-025C M-O25C-QI 70.0 to 79.0 SWBZL 6/28/91 X X X X X X X X

M*O25C-Q2 10/2/91 X X X X X X X X

M-025C-Q3 2/3/92 X X X X X X X X

M-O25C-Q4 4/8/92 X X X X X X X X

M-025E M-O25E-QI 17.0to 27.0 FWBZL 6/28/91 X X X X X X X X

M-025E-Q2 I0/2/91 X X X X X X X X

M-O25E-Q3 1/23/92 X X X X X X X X

M-O25E-Q4 3/31/92 X X X X X X X X

d-O26A M-O26A-QI 3.5 to 13.5 FWBZU 6/27/91 X X X X X X X X

M-026A-Q2 10/2/91 X X X X X X X X

M-O26A-Q3 1/23/92 X X X X X X X X

M-O26A-Q4 3/26/92 X X X X X X X X

( ( (



TABLE 6-15 (
GROUNDWATER SAMPLE SUMMARY

IR SITE 1
ALAMEDA POINT

(Page 3 of 9)

SA++SA'PLI++++AL°++S'++++I ILOCATION IDENTIFICATION (feet bgs) UNIT SAMPLED Analyses Performed

MONITORING WELL GROUNDWATER SAMPLES

1991 Investigation by PRC and Montgomery Watson (Continued) VOC SVOC D. Metals Cyanide Pest/PCB TRPH Rod General Chemicals +

M-O26E M-026E-QI I 1.0 to 21.0 FWBZL 6/27/91 X X X X X X X X

M -026E-Q2 10/2/91 X X X X X X X X

M-026E-Q3 1/23/92 X X X X X X X X

M-026E-Q3-DUP 1/23/92 X X X X X X X X

M-026E-Q4 3/26/92 X X X X X X X X

M-O27A VI-O27A-QI 3,5 to 13.5 FWBZU 6/25/91 X X X X X X X X

vI-027A-Q2 IO/3/91 X X X X X X X X

M-027A-Q3 I/31/92 X X X X X X X X

M-O27A-Q4 3/26/92 X X X X X X X X

d-O27B M-027B-QI 56.0 to 66.0 SWBZL 6/26/91 X X X X X X X X

M-027B-Q2 I0/3/91 X X X X X X X X

M-027B-Q2-DUP 10/3/91 X X X X X X X X

M-O27B-Q3 1/31/92 X X X X X X X X

M-027B-Q4 4/7/92 X X X X X X X X

M-027C M-027C-Ql 80.0 to 90.0 SWBZL 6/26/91 X X X X X X X X

M-027C-Q2 10/3/91 X X X X X X X X

M-O27C-Q3 i/3i/92 X X X X X X X X

M-027C-Q4 4/6/92 X X X X X X X X

M-027C-Q4-DUP 4/6/92 X X X X X X X X

M-O27E M-027E-QI 120 to 220 FWBZL 6/26/91 X X X X X X X X

M-O27E-Q2 10/3/91 X X X X X X X X

M-027E-Q3 1/31/92 X X X X X X X X

M-027E-Q4 3/26/92 X X X X X X X X

M-O28A M-O28A-QI 4.0 to 14.0 FWBZU 6/24/91 X X X X X X X X

M-O28A-Q1 -DUP 6/24/91 X X X X X X X X

M-O28A-Q2 10/I 1/91 X X X X X X X X

M-O28A-Q3 2/4/92 X X X X X X X X

M-O28A-Q4 4127/92 X X X X X X X X

M-O28A-Q4-DUP 4/27/92 X X X X X X X X

M-028A-Q4-DUP2 4/27/92 X X

vl-O28E (old) M-028E-QI I 1.0 to 21.0 FWBZL 6/25/91 X X X X X X X X

M-028E-Q2 10/I 1/91 X X X X X X X X

M-028E-Q3 214/92 X X X X X X X X

M-028E.Q4 4/27/92 X X X X X X X X



TABLE 6-15
GROUNDWATER SAMPLE SUMMARY

IR SITE 1
ALAMEDA POINT

(Page 4 of 9)

I I
SAblPLING SAMPLE SCREENED INTERVAl, I HYDROSTRATIGRAPHIC DATE [

LOCATION IDENTIFICATION (feet bgs) I UNIT SAMPLED [ Analyses Performed

ViONITORINGWELL GROUNDWATERSAMPLES

1991 Investigationby PRC and Montgomery Watson (Continued) VOC SVOC D. Metals Cyanide Pest/PCB TRPH Rad General Chemicalsa

Vl-029A M-029A-QI 4.0 to 14.0 FWBZU 6/20/91 X X X X X X X X

M-029A-Q2 10/10/91 X X X X X X X X

M-029A-Q3 214192 X X X X X X X X

M-029A-Q4 3/27/92 X X X X X X X X

VI-O29E M-029E-QI I0.0 to 20.0 FWBZL 6/21/91 X X X X X X X X

M-O29E-Q2 10/10/91 X X X X X X X X

M-O29E-Q2-DUP 10/10/91 X X X X X X X X

M-029E-Q3 2/4/92 X X X X X X X X

M-029E-Q4 3/27/92 X X X X X X X X

MONITORINGWELLGROUNDWATER SAMPLES

1994 - 1995 Investigationby PRC and Montgomery Watson VOC SVOC D. Metals Cyanide PesffPCB TRPH Rad GeneralChemicalsa

_4-001A 280-SO1-081 4.0 to 14.0 FWBZU 10/4/94 X X X X X

280-S01-082 1014194 X X X X X

280-S01-083 1125195 X X X X X

280-S01-084 5/2/95 X X X X X
J280-S0 -085 7/I 8/95 X X X X X

-001 B 280-S01-091 62.Oto 72.0 SWBZL 10/5/94 X X X X X

280-S01-092 5/10/95 X X X X X

M-OOIE 280-S01-086 9.0 to 19.0 FWBZL 10/4/94 X X X X X

280-S01-087 1/25/95 X X X X X X

280-S01-088 1/25/95 X X X X X X

280-S01-089 5/2/95 X X X X X X

280-S01-090 7/I 8/95 X X X X X X

M-OO2A 280-S01-094 5.0 to 10.0 FWBZU 1/25/95 X X X X X

280-S01-095 5/2/95 X X X X X

280-S01-096 7/20/95 X X X X X

280-S01-288 12/7/94 X X X X X

I-OO2E 280-S01-097 10.0to 20.0 FWBZL 10/4/94 X X X X X

280-S01-098 3/7/95 X X X X X

280-S01-099 5/3/95 X X X X X

280-S01-099T 5/4/95 X

280-S01-100 7/18/95 X X X X

( ( (



I"A_I_E 6-15 (
GROUNDWATER SAMPLE SUMMARY

IR SITE 1
ALAMEDA POINT

(Page 5 of 9)

SAMPLING SAMPLE SCREENED INTERVAL HYDROSTRATIGRAPHIC DATE

LOCATION IDENTIFICATION (feet bgs) UNIT SAMPLED Analyses Performed

VIONITORINGWELLGROUNDWATERSAMPLES

[994 - 1995 invesilgailon by PRC and Montgomery Watson (Continued) VOC SVOC D. Metals Cyanide Pesl/PCB TRPII Rad General Chemicals*

vl-003A 280-S01-10| 4.0 to |d.0 FWBZU 10/4/94 X X X X X

280-S01-102 I/26/95 X X X X X

280-S01-103 5/3/95 X X X X X

280-S01-104 5/3/95 X X X X X

280-S01-105 7/19/95 X X X X X

vL003B 280-S01-1I0 33.0-43.0 SWBZU 11/28/94 X X X X X

280-S01-111 1/31/95 X X X X X

280-S01-112 5/11/95 X X X X X

280-S01-I13 7/26/95 X X X X X

VI-003E 280-S01-106 11.251o 21.25 FWBZL 10/4/94 X X X X X

280-S01-107 1/31/95 X X X X X

280-S01-108 5/3/95 X X X X X

280-S01-109 7/25/95 X X X X X

_d-004A 280-S01-114 3.0 1o 13.0 FWBZII 10/5/94 X X X X X

280-S01-115 1/26/95 X X X X X

280-S01-116 5/4/95 X X X X X

280-S01-117 7/18/95 X X X X X

d-O25A 280-S01-134 4.0to 14.0 FWBZL 10/6/94 X X X X X

280-S01-135 1/26/95 X X X X X

280-S01-136 5/4/95 X X X X X

280-S01-137 7/20/95 X X X X X

M-025C 280-S01-143 70.0 to 79.0 SWBZL 10/6/94 X X X X X

280-S01-144 5/I1/95 X X X X X

M-025E 280-S0I- 138 17.0 to 27.0 FWBZL 10/6/94 X X X X X

280-S01- 139 1126/95 X X X X X

280-S01-140 5/4/95 X X X X X

280-S01-141 7/20/95 X X X X X

280-S01- 1d2 7/20/95 X X X X X

M-026A 280-S01-145 3.5 to 13.5 FWBZU 10/6/94 X X X X X

280-S01-146 1/30/95 X X X X X

280-S01-147 5/4/95 X X X

280-SOI-147T 5/5/95 X X X X X

280-S01- 148 7/20/95 X X X X X



TABLE 6-15
GROUNDWATER SAMPLE SUMMARY

IR SITE 1
ALAMEDA POINT

(Page 6 of 9)

SAMPLING SAMPLE SCREENED INTERVAL HYDROSTRATIGRAPHIC DATE

LOCATION IDENTIFICATION (feet bgs) UNIT SAMPLED Analyses Performed

vlONITORINGWELL GROUNDWATERSAMPLES

1994- 1995 Investigation by PRC and Montgomery Watson (Continued) VOC SVOC D, Metals Cyanide Pest/PCB TRPH Rad GeneralChemicals_

vL026E 280-S01-149 I1.0to 21.0 FWBZL 10/7/94 X X X X X

280-S01-150 1/30/95 X X X X X

280-S01-151 5/5/95 X X X X X

280-S01-152 7/20/95 X X X X X

Vl-027A :80-S01-153 3.5 to 13.5 FWBZU 10/7/94 X X X X X

280-S01-154 1/30/95 X X X X X

280-S01-155 5/8/95 X X X X X

280-S01-156 5/8/95 X X X X X

280-S01- 157 7/19/95 X X X X

vl-O27B 280-S01-163 56.01o 66.0 SWBZL 5/15/95 X X X X

vt-027C 280-S01-164 80.01o 90.0 SWBZL l I/30/94 X X X X X X

280-S01-165 5/16/95 X X X X X

M-027E 280-S01-158 12.0to 22.0 FWBZL 10/7/94 X X X X X

280-S01- 159 I/30/95 X X X X X

280-S01- 160 5/8/95 X X X X X

280-S01-161 7/19/95 X X X X X

M-028A 280-S01-I66 4.0 to 14.0 FWBZU 10/10/94 X X X X X

280-SO1-167 10/10/94 X X X X X

280-S01- 168 I/27/95 X X X X X X

280-S01-169 5/8/95 X X X X X X

280-SO1-170 7/20/95 X X X X X X

M-028C 280-S01-175 80.0-90.0 SWBZL 12/I/94 X X X X X X

280-S01- 176 I/31/95 X X X X X

280-S01-177 1/31/95 X X X X X

280-$01 o178 5/16/95 X X X X X

280-S01-179 7/26/95 X X X X X

M-028E 280-S01-171 11.0to 21.0 FWBZL 11/28/94 X X X X X

280-S01-172 1/27/95 X X X X X

280-S01-173 5/9/95 X X X X X

280-S01-174 7/25/95 X X X X X

M-029A 280-S01-180 4.0 to 14.0 FWBZIJ 10/10/94 X X X X X

280-S01-181 I/27/95 X X X X X

280-S01 -182 I/27/95 X X X X X



TABLE 6-15 (
GROUNDWATER SAMPLE SUMMARY

IR SITE 1
ALAMEDA POINT

(Page 7 of 9)

I I
SAMPLING SAMPLE SCREENED INTERVAL I HYDROSTRATIGRAPIIIC I DATE

LOCATION IDENTIFICATION (feetbgs) [ UNIT [ SAMPLED Analyses Performed

dONITORING WELL GROUNDWATERSAMPLES

L994- 1995 Investigation by PRC and Montgomery Watson(Continued) VOC SVOC D. Metals Cyanide Pest]PCB TRPII Rad General Chemicals'

280-S01-183 5/9195 X X X X X

280-$01-184 7/21/95 X X X X X

'A-029E 280-$01- 185 I0.0 to 20.0 FWBZL 10/10/94 X X X X X X

280-S01- 186 I/27/95 X X X X X

280-$01-187 5/9/95 X X X X X

280-S01-188 7/21/95 X X X X X

vi-030A !80-S01-189 2.5 to 12.5 FWBZL 10/10/94 X X X X X

!80-$01-190 2/I/95 X X X X X

280-S01- 191 5/9/95 X X X X X

280-S01-192 7/21/95 X X X X X

280-S01-193 7/21/95 X X X X X

vl030-C 280-S01-19g 76.5-86.5 SWBZL 12/5/94 X X X X X

280-S01.199 2/14/95 X X X X X

280-$01-200 5/I 7/95 X X X X X

280-S01-201 7/26/95 X X X X X

MO30-E 280-S01-194 6.0 to 16.0 FWBZL 10/10/94 X X X X X

280-S01-195 2/1/95 X X X X X

280-S01-196 5/1|/95 X X X X X

280-S01-197 7125195 X X X X X

Vl03i-A 280-S01-202 2.5 to 12.5 FWBZU 10/10/94 X X X X X

280-S01-203 2/I/95 X X X X X

._80-S01-204 5/11/95 X X X X X

!80-S01-205 7/24195 X X X X X

280-S01-206 7124195 X X X X X

'd03I-C 280-S01-212 77.5-87.5 SWBZL 12/5/94 X X

280-S01-213 2114/95 X

280-S01-213 2/15/95 X X X X X

280-S01-214 5117195 X X X X X

280-$01-215 7/27/95 X X X X X

M031-E 280-SOI-207 8.0 to 18.0 FWBZL 10/10/94 X X X X X

280-SOI-208 211195 X X X X X X

280-S01-209 5/I 1/95 X X X X X X

280-SOI-210 5/I 1/95 X X X X X X

280-S01-211 7/24/95 X X X X X X



TABLE 6-15
GROUNDWATER SAMPLE SUMMARY

IR SITE 1
ALAMEDA POINT

(Page 8 of 9)

SAMPLING SAMPLE SCREENED INTERVAL HYDROSTRATIGRAPHIC DATE

LOCATION IDENTIFICATION (feel bgs) UNIT SAMPLED Analyses Performed

MONITORINGWELL GROUNDWATERSAMPLES

994 - 1995 Investigation by PRCand Montgomery Watson (Continued) VOC SVOC D. Metals Cyanide Pest/PCB TRPH Rod GeneralChemicals'

MO33-A 280-S01-220 4.25 to 12.5 FWBZU 11/29/94 X X X X X

280-S01-221 1/30/95 X X X X X

280-S01-222 5/18/95 X X X X X

280-S01-223 7/24/95 X X X X X

M034-A 280-S01-224 4.25 to 12.5 FWBZU 10/I1/94 X X X X X

280-SO1-225 1/25/95 X X X

280-S01-225 2/I/95 X

280-S0!-226 5/18/95 X X X X X

280-SOI-227 7124195 X X X X

VIO35-A 280-S01-228 4.0 to 14,O FWBZU 10/I 1/94 X X X X X

280-S01-229 IO/I1/94 X X X X X

280-S01-230 1/25/95 X X X X X

280-S01-231 5/15/95 X X X X X

280-S01-232 7/24/95 X X X X X

vl2A 280-S01-093 10/4/94 X X X X X

VlONITORINGWELLGROUNDWATERSAMPLES

[997 Investigation by TtEMI and Urlbe & Associates VOC SVOC D, Metals Cyanide Pest/PCB TPH Rad General Chemicals_

vlOOI-E 108-S01-010 9.0 to 19,0 FWBZL 10/29/97 X X X X

vt0OI-E 108-S01-OI6 FWBZL 2/4/98 X X X X

MOOI-E i08-SOI-029 I_WBZL 5/4/98 X X X X

MOOI-E 108-S01-042 FWBZL 813198 X X X

M002-E 1081SOlIOII I0.0 to 20.0 BSU 10/29/97 X X X X

MOO2*E 108-S01-017 BSU 2/4/98 X X X

M003-E 108-S01-003 11.25-21.25 FWBZL 10/29/97 X X X

M003-E 108-SO1-018 FWBZL 2/4/98 X X X

M003-E 108-S01-031 FWBZL 5/4/98 X X X

M003-E 108-S01-043 FWBZL 8/3/98 X X

MO27-E 108-S01-012 12.0-22.0 FWBZL 10/30/97 X X X

MO27-E 108-S01-019 FWBZL 2/3/98 X X X

MO27-E 108-S01-032 FWBZL 5/14/98 X X X

M027-E 108-S01-044 FWBZL 813198 X X X

MO28-A 108-S01-013 4.0 to 14.0 FWBZU 11/7/97 X X X X X

M028-A 108-S01-020 FWBZU 2/3/98 X X X X X



TABLE 6-15
GROUNDWATER SAMPLE SUMMARY

IR SITE 1
ALAMEDA POINT

(Page 9 of 9)

SAMPLING SAMPLE SCREENED INTERVAL HYDROSTRATIGRAP|IIC DATE

LOCATION IDENTIFICATION (feet bgs) UNIT SAMPLED Analyses Performed

MONITORINGWELLGROUNDWATER SAMPLES

1997 Investigation byTtEMI and Urlbe & Associates VOC SVOC D. Metals Cyanide Pest/PCB TPH Rad GeneralChemicalsa

_d028-A 108-S01-033 FWBZU 5/4/98 X X X X X

VI028-A 108-801-045 FWBZU 8/3/98 X X X X

VI028-C 80.0-90.0 SWBZL Well damaged,repaired,developed,butnot sampled(will be sampled in futurequarters).

M028-C 108-SO1-021 SWBZL 213198 X X X X

VI028-C 108-S01-034 SWBZL 5/5/98 X X X X

_4028-C 108-S01-046 SWBZL 8/4/98 X X X

_4028-E 108-S0|-001 I 1.0to 21.0 FWBZL 10/30/97 X X X X X

V[028-EDUP 108-S01-002 FWBZL I0/30/97 X X X X

VI028-E 108-S01-022 FWBZL 2/3/98 X X X X X

VI028-E 108-S01-035 FWBZL 5/4/98 X X X X X

'd028-E 108-S01-047 FWBZL 8/3/98 X X X X X

V1029-E 108-S01-015 10.0to 20.0 FWBZL 10/29/97 X X X X

_O029-E 108-SO1-023 FWBZL 214198 X X X X

_,t029-E 108-S01-036 FWBZL 5/6/98 X X X X

VIO29-EDUP 108-S01-037 FWBZL 5/6/98 X X X

VI029-E 108-SO| -048 FWBZL 8/3/98 X X X

_4030-E 108-S01-005 6.0 to 16.0 FWBZL 10/29/97 X X X

',1030-E 108-S01-024 FWBZL 2/4/98 X X X

_030-E DUP 108-S01-025 FWBZL 2/4/98 X X

','!03!-E 108-S0!-004 8.0 to 18.0 FWBZL 10/29/97 X X X

"103I-E 108-S01-026 FWBZL 2/10/98 X X X

dO33-A FWBZU Well not found, presumed destroyed,not sampled

MO34-A 108-S01-007 4.25 1o 12.5 FWBZU 1I/4/97 X X X X X

MO34-A 108-S01-027 FWBZU 2/4/98 X X X X X

M034-A 108-S01-040 FWBZU 5/7/98 X X X X X

M034-A 108-S01-050 FWBZU 8/3/98 X X X X X

M035-A 108-S01-008 4.Oto 14.0 FWBZU I I/4/97 X X X

M035-A 108-S01-028 FWBZU 2113198 X X X

M035-A 108-S01-041 FWBZU 5/7/98 X X X

M035-A 108-S01-051 FWBZU 8/3/98 X X



TABLE 6-16
GEOTECHNICAL SAMPLE LABORATORY TEST RESULTS

IR SITE 1
ALAMEDA POINT

(Page 1 of 2)

Permeability
Moisture Dry Effective Hydraulic

Sample Depth Soil Classification Stratigraphic Content Density Specific CEC Stresses Conductivit3
Number (ft) Laboratory Field Unit (%) (pcf) Gravity (meq/100g) (psi) (cm/s)

1990 Investigation by Canonie (Phases 1 and 2A)

DA-1R 0.0-0.5 SM GP Fill 3.5 104.6 2.59 NA NA 1.00E-05
DA-1 26.5 CL CL HBM 39.4 79 NA NA NA NA
DA-1 54 SM/SP SM H/P-A/E 20 104.7 NA NA NA 2.00E-06

DA-2R 0.0-0.5 SM SM Fill 12.5 90.9 NA NA NA NA
DA-2R 1 SM SM Fill 7.7 92.2 NA NA NA 6.00E-04
DA-2 10 CL CL Fill 63.9 62 NA NA NA NA
DA-2 27 SP SM BS 17.9 114.4 NA NA NA 3.00E-05
DA-2 41 SM SM H/P-ME 18.7 114.3 2.68 NA NA 3.00E-07
DA-2 80 SP SP PE 19.6 108.6 NA NA NA 1.00E-03

1991Investigation by PRC and Montgomery Watson (Phases 5 and 6)

M-001A 10.5-11 NA SW/GW Fill NA NA NA 26.0 NA NA
M-001B 60.5-61.5 SP SP PE 20.5 109.5 2.73 7.2 NA NA
M-001E 28.5-29 CL CL HBM 43.5 78.0 NA NA 15 3.16E-08
M-002E 20.5-2 ! CL CL HBM 68.5 62.5 NA NA 10 2.53E-08
M-003A 10.5-11 SP/SC SP Fill NA NA NA 6.1 NA NA
M-004A 10.5-11 SP SP Fill NA NA NA NA NA NA
M-025C 83-83.5 CH CL PE 29.0 84.0 NA NA 42 3.13E-09
M-025E 28.5-29 SC CL HBM 39.0 83.0 NA NA 15 4.56E-08
M-026A 11.5-12 SP SP Fill 22.0 109 2.74 4.2 NA NA
M-027B 57.5-58 SC SM H/P-ME 20.0 110.5 2.73 28.2 NA NA
M-027C 91-91.5 NA CL PE 45.5 74.5 NA NA 30 4.22E-09
M-027E 20.5-21 SP/SC SP Fill NA NA NA NA NA NA
M-028A 10.5-11 SP/SC SW/GW Fill 13.5 108.5 2.71 10.8 NA NA
1994-1995Investigation by PRC and Montgomery Watson (follow-on)

M-003E 11.5-13.0 SP/SM SC/SP Fill 20.9 102.6 2.64 2.7 NA 3.00E-03
M-003B 3.5-5.0 SP SP Fill 23.I 91.7 2.66 4.1 NA 7.00E-03
M-030A 4.5-6.0 SP/SM SP/SM Fill 19.3 106.1 2.66 3.8 NA 4.00E-03
M-030A 8.5-10.0 SP/SM SP Fill 21.6 102.1 2.7 4.6 NA 1.00E-03
M-030E 2.5-4.0 SM SP Fill 19.4 109.7 2.67 12 NA 2.00E-04
M-030E 11.5-13.0 SP/SM GW Fill 20.9 102.6 2.64 2.7 NA 3.00E-03



TABLE 6-16
GEOTECHNICAL SAMPLE LABORATORY TEST RESULTS

IR SITE 1
ALAMEDA POINT

(Page 2 of 2)

Permeability
Moisture Dry Effective Hydraulic

Sample Depth Soil Classification Stratigraphic Content Density Specific CEC Stresses Conductivit 3
Number (ft) Laboratory Field Unit (%) (pcf) Gravity (meq/100g) (psi) (cm/s)

M-030E 14.0-15.5 SP SP HBM 21 105.2 2.67 2.3 NA 1.00E-03
M-030C 4.0-5.5 CH SC/SP Fill 49.6 71.1 2.64 4.8 NA 1.00E-07
Notes:

NA - Not analyzed
Parameters not detected are reported as less than method detection limit.
HBM - Holocene Bay Mud

H/P-ME - Hoiocene/Pleistocene Alluvial/Eolian Deposit
PE-Pleistocene Estuarine Deposits
Laboratory Methods (Units):
Soil Classification - Unified Soil Classification System (USCS) - ASTM D2488
Moisture Content - ASTM D2216 (percent)
Dry Density - ASTM D2937 (pounds per cubic foot[pcf])
Specific Gravity - ASTM D854

Cation Exchange Capacity (CEC) - EPA 9080 (milliequivalentsper 100 grams [meq/100g])
Effective Stress - EPA 9i00 (pounds per square inch [psi])
Hydraulic Conductivity - EPA 9100 (centimeters per second [cm/s])
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TABLE 6-17

STATISTICAL SUMMARY OF SOIL ANALYTICAL RESULTS

INSIDE BOUNDRY (0 Feet to < 2Feet bgs)
IR SITE 1

ALAMEDA POINT (Page 1 of 3)

SAMPLES FREQUENCY REPORTING DETECTED DATA SUMMARY STATISTICS
TOTAL WITH OF LIMITSa CONCENTRATIONS STANDARD

CHEMICAL NAME SAMPLES DETECTIONS DETECTION (%) MINIMUM I MAXIMUM MINIMUM [ MAXIMUM DEVIATION MEAN a.o
POLYCHLORINATED BIPHENYLS (mg/kg)

Aroclor-1254 35 2 5.7 0.034 10.00 0. I0 2.00 0.88 0.42
Aroclor-1260 35 15 42.9 0.034 10.00 0.08 4.10 1.04 0.61
PESTICIDES (mg/kg)

4,4'-DDD 35 6 17.1 0.0068 0.41 0.0059 0.085 0.037 0.024
4,4'-DDE 35 7 20.0 0.0034 0.41 0.0073 0.35 0.066 0.033
4,4'-DDT 35 11 31.4 0.0068 0.41 0.01 0.45 0.098 0.051
AlphaChlordane 17 2 11.8 0.0034 0.085 0.004 0.065 0.017 0.012
Dieldrin 35 I 2.9 0.0034 0.41 0.019 0.019 0.036 0.020
GammaChlordane 17 2 11.8 0.0034 0.085 0.0066 0.091 0.023 0.014
RADIONUCLIDES(pCilg)

CrossAlpha 26 24 92.3 -1.86 9.45 0.1 7.5 2.25 3.08
GrossBeta 31 31 100.0 0.30 5.40 0.3 19.0 5.25 8.89
Radium226 33 29 87.9 0.10 0.42 0.0 1.9 0.35 0.35
Radium228 33 18 54.5 0.21 0.74 0.0! 4.1 0.75 0.47
_EMIVOLATILE ORGANIC COMPOUNDS (mg/kg)
2-Methylnaphthalene 39 2 5.1 0. ! 10 3.40 0,027 0.19 0,45 0.44
Acenaphthene 40 7 17.5 0.043 3.40 0.025 0.45 0.46 0.42
Anthracene 40 8 20.0 0.043 3.40 0.021 0.16 0.46 0.41
Benzo(a)anthracene 40 19 47.5 0.051 3.40 0.022i 57.00 9.32 2.64
Benzo(a)pyrene 413 19 47.5 0.071 3.40 0.042 81.00 12.8_ 3.07
Benzo(b)fluoranthene 40! 22 55.0 0.05 3.40 0.068 59.00 9.35 2.59
[3enzo(g,h,i)perylene 40 ! 4 35.0 0.081 3.40 0.061 82.00 12.89 2.62
Benzo(k)fluoranthene 40 18 45.0 0.051 3.40 0.036 56.00 9.46 2.47
Bis(2-Ethylhexyl)Phthalate 39 4 10.3 0.053 3.40 2.80 7.60 1.4t 0.90
Butylbenzylphthalate 39 I 2.6 0.053 3.40 9.50 9.50 1.52 0.68
Carbazole 15 4 26.7 0.330 3.30 0.027 0.13 0.40 0.28
Chrysene 413 22 55.0 0.051 3.40 0.037 72.00 I1.7z 3.22
Di-n-butylphlhalate 40 4 10.0 0.042 7.30 0.44 7.80 1.33 0.80
Dibenzo(a,h)anthracene 40 3 7.5 0.081 3.40 0.23 21.00 3.27 1.00
Dibenzofuran 40 1 2.5 0.130 17.00 0.023 0.023 1.81 1.16
Fluoranthene 41 21 51.2 0.041 3.40 0.053 33.00 5.92 2.14
Fluorene 40 3 7.5 0.086 3.40 0.049 0.067 0.46 0.42
lndeno(1,2,3-c,d)pyrene 40 14 35.0 0.081 3.40 0.054 61.00 9.57 2.09
N-Nitrosodiphenylamine (I) 40 1 2.5, 0.086 3.40 0.043 0.043 0.45 0 42

Naphthalene 39 2 5.1 0.086 3.40 0.060 0.088 0.46 0.43
Phenanthrene 41 19 46.3 0.041 3.40 0.020 7.513 1.49 0.79



TABLE 6-17
STATISTICALSUMMARYOF SOIL ANALYTICALRESULTS

INSIDEBOUNDRY (0 Feet to < 2 Feetbgs)
IR SITE 1

ALAMEDAPOINT (Page 2 of 3)

SAMPLES FREQUENCY REPORTING DETECTED DATA SUMMARY STATISTICS
TOTAL WITH OF LIMITS _ CONCENTRATIONS STANDARD [

CHEMICALNAME SAMPLES DETECTIONS DETECTION (%) MINIMUM I MAXIMUM MINIMUM I MAXIMUM DEVIATION ] MEAN a.o
Pyrene [ 40 241 60.01 0.0411 3.40 0.0641 66.001 10.851 3.1_
I'OTAL METALS (mg/kg)
Aluminum 45 45 100.0 2.97 151 3040 19500 3031.22 7691.5(

Antimony 45 4 8.9 0.45 6.7 1 8.3 1.84 2.1
Arsenic 45 30 66.7 0.00 II 1.77 45.00 6.61 5.83
Barium 45 44 97.8 0.09 151 14.40 1090.00 208.90 129.42

Beryllium 45 13 28.9 0.09 1.I 0.17 1.43 0.31 0.44
Cadmium 45 36 80.0 0.08 1.1 0.30 16.60 4.20 3.85
Calcium 45 45 100.0 1.01 1510 1760.00 13300 2273.77 4669. I
Chromium 45 45 100.0 0.08 7.6 22.4 109 15.72 43.85
Cobalt 45 30 66.7 0.59 8.3 3.8 14.2 2.52 5.7 I

Copper 45 43 95.6 0.20 19.8 5.5 280 66.62 67.45
Iron 45 45 100.0 0.59 45.3 7140 47600 7525.17 15146.22
Lead 45 45 100.0 0.05 5.6 2.5 440 83.94 105.1"_

Magnesium 45 45 100,0 3.83 1510 1760.00 12300 1619.85 3589. I
Manganese 46 46 100.0 0.09 7.60 98.3 495 87.16 227.5_
Mercuw 30 14 46.7 0.06 0.26 0.11 9.57 1.73 0.55
Nickel 45 45 100.0 0.15 5.60 18 118 19.13 39.75
Potassium 45 38 84.4 54.80 1510 385 3380 482.34 971.07
Selenium 45 I 2.2 0.2C 56 2.2 2.2 4.63 2.72
Silver 45 11 24.4 0.17 5.6 0.29 7.2 1.39 1.5_
Sodium 45 22 48.9 5.00 1510 103 3370 635.89 380.21
Thallium 45 1 2.2 0.26 11 0.44 0.44 2.38 2.0"_
l"itanium 17 17 100.( 4.20 5.6 290 831 i34.62 449.47

Vanadium 45 45 100.0 0.40 15.1 14.80 84.3 13.91 30.21
Zinc 45 45 100.0 0.22 5.6 18.50 591 149.20 180.1

]_OTALPETROLEUM HYDROCARBONS (mg/kg)
Diesel RangeOrganics 20 5 25.0 I0 400 I1 570! 124.77 48.75

GasolineRangeOr[anics 20 I 5.0 0.5 0.76 1.9 1.91 0.37 0.34

MotorOil Ran[_eOr[_anics 20 20 100.0 10 400 29 26501 755.3 561._
Oil & Grease 5 5 100.0 25.4 163 146 3570 1470.29 136,1
Total RecoverablePetroleumHydrocarbons 6 6 100.0 25.4 54.3 69.9 1600 579.96 578.15
VOLATILE ORGANIC COMPOUNDS (mg/kg)

Acetone 5 I 20.0 0.01 0.054 1.10 1.10 0.49 0.23
Benzene 5 I 20.0 0.0054 0.027 0.004 0.004 0.0045 0.005_

Carbon Disulfide 5 1 20.0 0.0054 0.027 0.003 0.003 0.0046 0.0054

Ethylbenzene 5 I 20.0 0.0054 0.027 0.002 0.002 0.0048 0.0052

( ( (
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TABLE 6-17

STATISTICAL SUMMARY OF SOIL ANALYTICAL RESULTS

INSIDE BOUNDRY (0 Feet to < 2 Feet bgs)
IR SITE 1

ALAMEDA POINT (Page 3 of 3)

SAMPLES FREQUENCY REPORTING DETECTED DATA SUMMARY STATISTICS
TOTAL WITH OF LIMITSa CONCENTRATIONS STANDARD

CHEMICAL NAME SAMPLES DETECTIONS DETECTION (%) MINIMUM [ MAXIMUM MINIMUM ! MAXIMUM DEVIATION MEAN a.o
Foluene 5 ! 20.0 0.0054 0.027 0.003 0.003 0.0046 0.0054
Kylene (Total) 5 I 20.0 0.0054 0.027 0.012 0.012 0.0052 0.0072

Notes:

Units for radionuclides are picocuries per gram (pCi/g)
bThe mean was calculated using detects plus one-half of the reported sample quantitation limit for nondetects
bgs - Below ground surface
4,4'-DDD - Diehlorodiphenyldichloroethane
4,4'-DDE - Dichlorodiphenyldichloroethylene
4,4'-DDT - Diehlorodiphenyltrichloroethane
mg/kg - Milligram per kilogram
% - Percent



STATISTICAL SUMMARY OF SOIL ANALYTICAL RESULTS

INSIDE BOUNDARY AREA (2 to I0 Feet bgs)
IR SITE 1, ALAMEDA POINT

(Page 1 of 3)

SAMPLES FREQUENCY REPORTING DETECTED DATASUMMARYSTATISTICS
TOTAL WITH OF LIMITS(mg/kg)a CONCENTRATIONS (mg/kg) STANDARD MEANab

_HEMICAL NAME SAMPLES DETECTIONS DETECTION% MINIMUM I MAXIMUM MINIMUM I MAXIMUM DEVIATION (mg/kg)
POLYCHLORINATED BIPHENYLS (mg/kg)

Aroclor-1260 6 3[ 50.0 0.037 0.043 0.0731 0.75 0.00029 0.1
PESTICIDES(mg/kg)
_,4'-DDD 6 2 33.3 0.0073 0.0087 0.0197 0.0242 0.0000094 0.01
1,4'-DDE 6 3 50.0 0.0037 0.0044 0.0044 0.0382 0.0000144 0.0091
_,4'-DDT 6 2 33.3 0.0073 0.0087 0.0117 0.0575 0.0000215 0.0141
_JammaChlordane 6 2 33.3 0.0037 0.0044 0.0050 0.0221 0.0000080 0.0055

I_,DIONUCLIDES (pCffg)

Jross Alpha 8 6 75.0 0. l0 7.80 1.50 6.80 0.0018 3.0_
GrossBeta 12 12 100 0.301 5.50 0.90 14.30 0,0051 7.13
Radium226 12 10 83.3 0.1C 0.27 0. I0 8.60 0.0023 1.45
Radium228 12 1 8.3 0.25 0.72 0.30 0.30 0.000074 0.18

;EMIVOLATILEORGANIC COMPOUNDS (mg/kg)

2-Meth_,lnaphtha|ene 12 l 8.3 0.056 3.40 0.44 0.44 0.00056 0.41
Acenaphthene 11 3 27.3 0.044! 3.40 0.037 0.95 0.00043 0.35
Anthracene 11 3 27.3 0.044 3.40 0.054 I. I0 0.00043 0.33

Benzo(a)anthracene 12 4 33.3 0.056 3.40 0.050 14.0 0.0044 2.04
Benzo(a)pyrene 12 5 41.7 0.0781 3.40 0.045 18.0 0.0059 2.73
Benzo(b)Fluoranthene 12 4 33.3 0.056 3.40 0.046 17.0 0.0061 2.93
Benzo(_,h,i)Pery.lene 12 6 50.0 0.089[ 3.40 0.038 12.0 0.0036 1.64
Benzo(k)fluoranthene 12 3 25.0 0.056 3.40 1.10 10.0 0.0030 1.44
Bis(2-Ethylhexyl)Phthalate 12 4 33.3 0.055 3.40 0.61 1.60 0.00061 0.75
Carbazole 5 2 40.1 0.390 3.40 0.035 0.99 0.00037 0.35

Chrysene 12 4 33.31 0.056[ 3.40 0.038 17.0 0.0052 2.35
Di-n-butylphthalate 12 1 8.3 0.044J 3.40 13.0 13.0 0.0037 1.44
Dibenzo(a,h)anthracene 12 2 16.7 0.089 4.70 0.024 2.00 0.00080 0.45
Dibenzofuran I I 1 9.1 0.067 3.50 0.29 0.29 0.00064 0.45
Fluoranthene 11 6 54.5 0.044 3.40 0.039 10.0 0.0038 1.92
Fluorene 11 1 9. I 0.044 3.40 0.40 0.40 0.00055 0.4C
Indeno(l,2,3-e,d)pyrene 12 5 41.7 0.089 3.40 0.04 13.0 0.00408 1.8_

Naphthalene 12 1 8.31 0.044 3.40 1.30 1.3 0.00059 0.45
?henanthrene 11 5 45.5 0.044 3.40 0.10 4.9 0.00156 0.82

?yrene 12 6 50.0 0.044 3.40 0.05 20.0 0.00638 2.85



TABLE 6-18
STATISTICAL SUMMARY OF SOIL ANALYTICAL RESULTS

INSIDE BOUNDARY AREA (2 to 10Feet bgs)
IR SITE 1,ALAMEDA POINT

(Page 2 of 3)

SAMPLES FREQUENCY REPORTING DETECTED DATASUMMARYSTATISTICS
TOTAL WITH OF LIMITS (mg/kg)a CONCENTRATIONS (mg/kg) STANDARD MEANab

CHEMICAL NAME SAMPLES DETECTIONS DETECTION % MINIMUM I MAXIMUM MINIMUM [ MAXIMUM DEVIATION (mg/kg)
TOTAL METALS (mg/kg)
Aluminum 12 12 100 3.05 121 3160 91600 24.21 16903
Antimony 12 8 66.7 0.46 5.30 2.90 42.0 0.014 12.2
Arsenic 12 12 100 0.0 4.4 1.8 29.1 0.0080 8.47
Barium 12 12 100 0.089 121.0 18.9 551 0.18 185

Beryllium 12 7 58.3 0. I 1 1.3 0.54 8.6 0.0024 1.72
Cadmium 12 9 75.0 0.080 1.0 0.47 92.7 0.032 27.2
Calcium 12 12 100 1.03 1210 1670 20600 7.05 839I
Chromium 12 12 100 0.08 6.1 26.1 345 0. I0 96.7
Cobalt 12 12 100 0.60 6.10 4.9 19.30 0.0047 10.8
Copper 12 12 100 0.21 0.8( 6.3 6210 1.75 988
Iron 12 12 100 0.61 36.4 6770 146000 43.2 40343
Lead 12 12! 100 0.05 4.49 2.4 9540 2.68 1179

Masnesium 12 12 100 3.94 1210 1670 5240 I.I 2 3363
Man_ganese 12 12 100 0.089 6. I0 52.7 1460 0.44 540
Mercury 12 7 58.3 0.070 0.1_ 0.33! 1.04 0.00 0.41
Nickel 12 12 100 0.14 3.30 27.7 431 0.11 93.9

Potassium 12 9 75.0 56.4 1210 478 1950 0.45 871
Silver 12 9 75.0 0.18 0.64 0.91 21.8 0.0079 7.30
;odium 12 12 100 5.00 1210.00 125 1550 0.50 610
Vanadium 12 12 100 0.41 12.10 17.3 42.8 0.010 29.08
Zinc 12 12 100 0.23 2.20 21.9 2510 0.97 901
I'OTAL PETROLEUM HYDROCARBONS (mg/kg)

DieselRange Organics 6 3 50.0 12.0 52.0 75.0 2200 0.88 404
IP5Ran[e Or[anics 6 2 33.3 12.0 52.0 46.( 2100 0.85 365
MotorOil RangeOrganics 6 5 83.3 12.0 100.0 65.0 620 0.22 211
VOLATILE ORGANIC COMPOUNDS (mg/kg)

1,2-Dichloroethene_Total) 6 I 16.7 0.01 0.012 0.015 0.015 0.0000039 0.0072
_cetone 12 2 16.7 0.01 0.11 0.17 0.61 0.00017 0.081
Benzene 12 1 8.3 0.0055 0.029 0.002 0.002 0.0000033 0.0050
l'etrachloroethene 12 1 8.3 0.0055 0.029 0.001 0.001 0.0000034 0.0049
l'oluene 12 I 8.3 0.0055 0.029 0.002 0.002 0.0000034 0.0050
iTrichloroethene 12 2 16.7 0.0055 0.029 0.003 0.003 0.0000033 0.0049
Notes:

'Units for radionuclides are picocuries per gram (pCi/g)
bThemean was calculated using detects plus one-half of the reported sample quantitation limit for nondetects
bgs = below ground surface
4,4'-DDD - Dichlorodiphenyldichloroethane



TA_L t_ 6-18
STATISTICAL SUMMARY OF SOIL ANALYTICAL RESULTS

INSIDE BOUNDARY AREA (2 to 10 Feet bgs)
IR SITE 1, ALAMEDA POINT

(Page 3 of 3)

4,4'-DDE - Dichlorodiphenyldichloroethylene
4,4'-DDT - Dichlorodiphenyltrichloroethane
mg/kg - Milligram per kilogram
% - Percent



STATISTICAL SUMMARY OF SOIL ANALYTICAL RESULTS

INSIDE BOUNDARY AREA (>10 Feet bgs)

IR SITE 1, ALAMEDA POINT

(Page 1 of 2)

SAMPLES FREQUENCY REPORTING DETECTED DATA SUMMARY STATISTICS
TOTAL WITH OF LIMITS a CONCENTRATIONS STANDARD MEAN a'b

CHEMICAL NAME SAMPLES DETECTIONS DETECTION % MINIMUM MAXIMUM MINIMUM MAXIMUM DEVIATION

POLYCHLORINATED BIPHENYLS (mg/kg)

Aroelor- 1260 81 1 12.5 0.04 0.90 0.43 0.43 0.20 0.16
m

_DIOCUCLIDES (pCi/g)

Gross Alpha 6 6 100 0.10 0.60 0.80 4.50 1.42 2.18
Gross Beta 6 3 50 0.40 0.60 0.50 3.90 1.43 1.07
Radium-226 8 7 87.5 0.10 0.40 0.30 6.60 2.14 1.62
Radium-228 8 2 25.0 0.30 0.30 0.00 5.40 1.86 0.79

SEMIVOLATILE ORGANIC COMPOUNDS (mg/kg)

Benzo(a}p),rene 8 1 12.5 0.08 4.70 5.80 5.80 2.05 1.11
Benzo(b}fluoranthene 8 1 12.5 0.06 3.40 4.00 4.00 1.42 0.79
Bis(2-Ethylhexyl)Phthalate 8 2 25 0.06 2.40 0.73 9.60 3.28 1.54
lndeno( 1,2,3-c,d)p_,rene 8 1 12.5 0.10 5.40 2.70 2.70 1.19 0.77
Pyrene 8 1 12.5 0.05 2.70 8.30 8.30 2.87 1.28

TOTAL METALS (mg/kg)
Aluminum 8 8 100 3.38 36.00 2990 39700 12102 11141

Antimony 8 2 25 2.70 11.00 3.70 600 211 77.3
Arsenic 8 7 87.5 0.00 18.00 1.58 98. l 35.3 20.5
Barium 8 7 87.5 0.10 36.00 16.7 332.0 106 79.3

Beryllium 8 6 75 0. i4 i.80 0.49 4.55 i.37 i.39
Cadmium 8 1 12.5 0.33 1.80 42.0 42.0 14.7 5.55
Calcium 8 8 100 1.14 900.00 1820 9340 2404 4098

Chromium 8 8 100 0.62 9.00 21.8 130 36.2 51.9
Cobalt 8 7 87.5 0.67 9.00 4.12 20.0 5.62 8.80

Copper 8 8 100 0.23 9.00 4.24 1800 628 253
Iron 8 8 100 0.68 18.00 5270 51900 19312 21005

Lead 8 7 87.5 0.23 20.10 2.11 45700 16155 5719

Magnesium 8 8 100 4.36 900.00 1700 11000 3375 4698

Manganese 8 8 100 0.10 9.00 67.6 1670 543 348
Mercury 8 2 25 0.06 0.36 0.06 0.90 0.29 0.18
Nickel 8 8 100 1.44 9.00 17.00 140 46.2 56.6
Potassium 8 8 100 62.3 900.00 542 5400 1653 1610
Silver 8 2 25 0.53 9.00 0.721 17.8 6.03 3.40

Sodium 8 8 100 6.51 900.00 914 9900 3075 2342
l'itanium 2 2 100 6.00 9.00 480 1350 615 915
Vanadium 8 8 100 0.46 9.00 14.3 99.0 27.1 37.0



TABLE 6-19
STATISTICAL SUMMARY OF SOIL ANALYTICAL RESULTS

INSIDE BOUNDARY AREA (>10Feet bgs)
IR SITE 1, ALAMEDA POINT

(Page 2 of 2)

SAMPLES FREQUENCY REPORTING DETECTED DATA SUMMARY STATISTICS
TOTAL WITH OF LIMITS a CONCENTRATIONS STANDARD MEAN a'b

_HEMICALNAME SAMPLES DETECTIONS DETECTION % MINIMUM MAXIMUM MINIMUM MAXIMUM DEVIATION

FOTAL METALS (mg/kg) (Continued)
Z.inc 8 8 100 0.25 9.00 17.2 3300' 1153 449
VOLATILE ORGANIC COMPOUNDS (mg/kg)
Acetone 8 1 12.5 0.01 0.12 0.25 0.25 0.08 0.0(

Ethylbenzene 8 I 12.5 0.01 0.01 0.01 0.01 0.00 0.0C

Notes:

aUnits for radionuclides are picocuries per gram (pCi/g)

bThe mean was calculated using detects plus one-half of the reported sample quantitation limnit for nondetects
bgs - Below ground surface
mg/kg - Milligram per kilogram
% - Percent

( ( (



STATISTICAL SUMMARY OF SOIL ANALYTICAL RESULTS

OUTSIDE BOUNDARY AREA (0 to <2 Feet bgs)
IR SITE 1

ALAMEDA POINT

(Page 1 of 2)

SAMPLES FREQUENCY REPORTING DETECTED DATASUMMARYSTATISTICS
TOTAL WITH OF LIMITS a CONCENTRATIONS STANDARD MEANab

CHEMICAL NAME SAMPLES DETECTIONS DETECTION % MINIMUM [ MAXIMUM MINIMUM [ MAXIMUM DEVIATION
POLYCHLORINATED BIPHENYLS (mg/kg)

Aroclor-1260 23 8 34.8] 0.034 I.1 0.02 3.20 0.65 0.30
PESTICIDES(mg/kg)
¢,4'-DDD 23 4.3 0.0034 0.083 0.077 0.077 0.016 0.010
¢,4'-DDT 23 6 26.1 0.0034 0.083 0.0016 0.44 0.090 0.028

Alpha-Chlordane 15 6.7 0.0017 0.043 0.14 0.14 0.036 0.012
EndosulfanSulfate 23 4.3 0.0034 0.083 0.0017 0.0017 0.009 0.008
Gamma-Chlordane 15 6.7 0.0017 0.043 0.14! O.14 0.036 0.012
RADIONUCLIDES (pCi/g)

GrossAlpha 21 13 61.9 0. t00 8.40 0.0 15.5 3.19 3.50
GrossBeta 25 25 100 0.300 6.50 1.9 18.3 4.41 11.2
Radium-226 25 24 96.0 0.100 0.29 0.0 3.6 1.07 0.68
P..adium-228 25 8 32.0 0.004 0.87 0.0 1.9 0.42 0.32
SEMIVOLATILE ORGANIC CHEMICALS (mg/kg)

2,4-Dimethylphenol 34 I 2.9 0.33 6.6 0.022 0.022 0.78 0.64
2-Methylnaphthalene 34 3 8.8 0.10 3.4 0.040 0.54 0.30 0.29
4-Methylphenol 34 I 2.9 0.14 3.4 0.039 0.039 0.30 0.29
Acenaphthene 34 I 2.9 0.072 3.4 0.67 0.67 0.30 0.30
Acenaphthylene 34 2, 5.9 0.072 3.4 0.025 0.72 0.31 0.29
Anthracene 34 3i 8.8 0.072 3.4 0.020 !.20 0.34 0.3(

Benzo(a)anthracen 34 12 35.3 0.051 3.4 0.023 1.80 0.41 0.33
Benzo(_a)pyrene 34 12 35.3 0.072 3.4 0.018 12.0 2.04 0.63
Benzo(b)fluoranthene 34 13 38.2 0.051 21 0.022 2.40 1.81 0.63
Benzo(_,h,i)per_lene 34 61 17.6 0.1_ 3.4 0.026 0.10 0.31 0.27
Benzo(k)fluoranthene 34 6! 17.6 0.051 3.4 0.017 0.29 0.30 0.28
_arbazole 22 11 4.5 0.33 3.4 1.90 1.90 0.49 0.36
Chrysene 34 181 52.9 0.051 3.4 0.019 2.20 0.49 0.34
Di-n-but_clphthalate 34 2 5.9 0.041 3.4 1.10 1.60 0.39 0.36
Dibenzo(a,h)anthracene 34 2 5.9 O.16 3.4 0.021 1.30 0.35 0.32
Dibenzofuran 34 2 5.9 O.12 6.6 0.14 0.23 0.78 0.60
Fluoranthene 34 18 52.9 0.04 3.4 0.019 2.90 0.57 0.35
Fluorene 34 2.9 0.072 3.4 0.60 0.60 0.30 0.29

[ndeno(l,2,3-c,d)pyrene 34 9 26.5 0.16 3.4 0.023 1.00 0.32 0.2_
Naphthalene 34 3 8.8 0.072 3.4 0.026 0.36 0.30 0.2[
Phenanthrene 34 12 35.3 0.041 3.4 0.018 15.0 2.55 0.77

P_rene 34 19 55.9 0.04 3.4 0.020 29.0 4.94 1.1"_



TABLE 6-20
STATISTICAL SUMMARY OF SOIL ANALYTICAL RESULTS

OUTSIDE BOUNDARY AREA (0 to <2 Feet bgs)
IR SITE 1

ALAMEDA POINT

(Page 2 of 2)

SAMPLES FREQUENCY REPORTING DETECTED DATASUMMARYSTATISTICS
TOTAL WITH OF LIMITS a CONCENTRATIONS STANDARD MEANat'

CHEMICAL NAME SAMPLES DETECTIONS DETECTION % MINIMUM I MAXIMUM MINIMUM I MAXIMUM DEVIATIONI I

TOTAL METALS (mg/kg)
Aluminum 33 33 100 3.10 117 2660 25900 5160 8190

Antimony 34 10 29.4 0.46 6.7 0.66 4 I.19 1.63
Arsenic 34 20 58.8 0 11 1.60 41.1 10.3 8.04
Barium 34 33 97.1 0.09 117 9.80 6990 1415_ 433

Beryllium 34 20 58.8 0.09 1.1 0.35 2.5 0.52: 0.68
Cadmium 34 25 73.5 0.08 1.1 0.11 12 2.12: 1.24
Calcium 34 34 100 1.05 1170 1440 46900 7864 6042
Chromium 34 34 100 0.08 5.8 17.4 99.5 15.1 34.5
Cobalt 34 21 61.8 0.61 8.9 1.4 23.6 4.81 6.29

Copper 34 27 79.4 0.21 22.9 6.1 81.8 21.4 25.5
Iron 34 34 100 0.62 35.0 5850 40900 7547 12936
Lead 34 34 100 0.05 5.6 1.2 643 118 67.0

Magnesium 34 34 100 4.0 1170 1700 10900 2132 3537

Manganese 34 34 100 0.09 5.8 71 1230 234 236
Mercury 26 6 23.1 0.06 0.21 0.13 0.53 0.11 0.126
Nickel 34 34 100 1.32 5.6 16.6 62.2 9.69 30.9
Potassium 34 31 91.2 57.3 1170 487 2140 401 1021
Silver 34 4 11.8 0.18 5.6 0.96 2.70 1.131 0.93

i

Sodium 34 !9 55.9 5.0 !170 !03 !920 3671 344
Thallium 34 1 2.9 0.26 I1 14 14 2.97 1.64
Titanium 8 8 100 5.00 5.6 330 527 78.4 421
Vanadium 34 34 100 0.42 11.7 13.60 69.2 13.2 29.5
Zinc 34 29 85.3 0.23 37.9 13.1 578 i35 99.6

]'OTAL PETROLEUM HYDROCARBONS (mg/kg)

Diesel RangeOrganics 22 2 9.1 10 110 95 420 89.1 37.5
JP5RangeOrganics 22 1 4.5 10 110 53 53 20.5 16.8

MotorOil Range Organics 22 17 77.3 10 230 23 1600 462 304
Oil& Grease 4 4 100 28.8 146 438 3250 1243 1920
FotalRecoverablePetroleumH 4 4 100 28.8 29.1 295 1080 355 706

VOLATILE ORGANIC COMPOUNDS (m_/kg)
CarbonDisulfide I 31 11 33.31 0.0111 0.0121 0.0030[ 0.00301 0.00161 0.0048
Note:

' Units for radionuclides are picocuries per gram (pCi/g)
bThe mean was calculated using detects plus one-half of the reported sample quantitation limit for nondetects
bgs - below ground surface
4,4'-DDD - Dichlorodiphenyldichloroethane
4,4'-DDE - Dichlorodiphenyldichloroethylene
4,4'-DDT - Dichlorodiphenyltrichtoroethane
mg/kg - Milligramper kilogram

( ( (



( TAL621 (
STATISTICAL SUMMARY OF SOIL ANALYTICAL RESULTS

OUTSIDE BOUNDARY AREA (2 to 10 Feet bgs)
IR SITE 1

ALAMEDA POINT

(Page 1 of 2)

SAMPLES FREQUENCY REPORTING DETECTED DATA SUMMARY STATISTICS
TOTAL WITH OF LIMITS a CONCENTRATIONS STANDARD MEAN a'_

CHEMICAL NAME SAMPLES DETECTIONS DETECTION % MINIMUM I MAXIMUM MINIMUM [ MAXIMUM DEVIATION
POLYCHLORINATED BIPHENYLS (mg/kg)
Aroclor- 1260 2 1 50.0 0.035 0.039 0.11 0.11 0.064 0.065

RADIONUCLIDES (pCi/g)

Gross Alpha 8 2! 25.0 -1.20 9.40 0.50 2.8( 1.13 1.31
Gross Beta 14 14 100 0.50 5.90 0.70 1.22 3.38 8.99

Radium 226 14 101 71.4 0.18 0.49 0.18 8.00 2.27 1.14

Radium 228 14 2! 14.3 0.19 0.67 0.48 0.54 0.127 0.25
i

SEMIVOLATILE ORGANIC COMPOUNDS (mg/kg)

2-Methylnaphthalene 17 2 11.8 0.059 1.90 0.14 0.40 0.19 0.24
Acenaphthylene 17 1 5.9 0.084 1.90 0.18 0.18 0.05 0.17
Anthracene 17 3 17.6 0.084 1.90 0.02 1.20 0.26 0.22

Benzo(a)anthracene 17 3 17.6 0.11 1.90 0.031 0.085 0.20 0.20

Benzo(a)pyrene 17 3 17.6] 0.15 1.90 0.10 1.00 0.21 0.22
Benzo(b)fluoranthene 17 4 23.5 0.11 1.90 0.031 1.90 0.43 0.26

Benzo(_,h,i)perylene 17 4 23.5 0.17 1.90 0.036 0.27 0.07 0.16
Benzo(k)fluoranthene 17 1 5.91 0.11 1.90 1.70 1.70 0.37 0.27
Bis(2-ethylhexyl)phthalate 17 1 5.9 0.05 1.90 1.60 1.60 0.38 0.32
Carbazole 15 1 6.7 0.34 1.90 0.25 0.25 0.02 0.20

_hLT_nc t _ 3 __.u v._"' ' 1.90 v.uoo 2.40 0.55 0.29
Dibenzo(a,h)anthracene 17 1 5.9 0.17 1.90 0.20 0.20 0.037 0.18
Dibenzofuran 17 1 5.9 0.13 1.90 0.11 0.11 0.19 0.22

Fluoranthene 17 5 29,4 0,08 ! .90 0.027 1_90 0.43 0.25

Indeno(1,2,3-c,d)pyrene 17 4 23.5 0.17 1.90 0.025 0.71 0.15 0.19

Naphthalene 17 2 11.8 0.05 1.90 0.11 0.31 0.19 0.23
Phenanthrene 17 5 29.4 0.08 1.90 0.02 1.20 0.26 0.21
Pyrene 17 5 29.4 0.08 1.90 0.04 2.00 0.45 0.26
TOTAL METALS (mg/kg)
Aluminum 17 17 100 3.25 119 2530 22600 4873 6198

Antimony 17 8 47.1 0.38! 3.10 0.60 2.3 0.55 1.10
Arsenic 17 ! 7 100 0.27 4.30 0.87 14.0 3.23 3.76

Barium 17 17 100 0.09 119 8.90 1130 267 99.2

Beryllium 17 11 64.7 0.11 0.47 0.36 1.80 0.54 0.57
Cadmium 17i 5 29.4 0.08 0.59 0.12 0.85 0.20 0.23

Calcium 17] 17 100 1.113 1190 1600 40700 10325 7827
Chromium 17 17 100 0.08 5.90 17.5 37.2 6.23 27.4



TABLE 6-21

STATISTICAL SUMMARY OF SOIL ANALYTICAL RESULTS

OUTSIDE BOUNDARY AREA (2 to 10 Feet bgs)
IR SITE 1

ALAMEDA POINT

(Page 2 of 2)

SAMPLES FREQUENCY REPORTING DETECTED DATA SUMMARY STATISTICS
TOTAL WITH OF LIMITS a CONCENTRATIONS STANDARD MEAN a'b

CHEMICAL NAME SAMPLES DETECTIONS DETECTION% MINIMUM MAXIMUM MINIMUM MAXIMUM DEVIATION

TOTAL METALS (mg/kg) (Continued)
Cobalt 17 17 100 0.64 5.90 3.70 14.9 2.68 5.69

Copper 17 17 100 0.22 0.80 4.10 90.8 26.7 17.3
Iron 17 17 100 0.65 35.6 5670 17600 3850 9255

Lead 17 17 100 0.06 3.61 1.00 34.3 8.46 6.45

Magnesium 17 17 100 4.19 1190 13113 4510 1020 2295
Manl_anese 17 17 100 0.09 5.90 56.3 259 73.3 125
Mercury ! 7 1 5.9 0.05 0.22 0.11 0.11 0.02 0.08

Molybdenum 15 1 6.7 1.10 3.90 1.013 1.00 0.50 1.22
Nickel 17 17 100 1.38 3.30 14.0 41.9 7.50 25.22
Potassium 17 11 64.7 59.9 1190 458 1120 186 695
Silver 17 1 5.9 0.18 0.55 0.71 0.71 0.14 0.17
Sodium 17 17 100 5.00 1190 96A 1300 283 251
Vanadium 17 17 100 0.44 11.9 12.8 68.7 13.5 24.1
Zinc !7 17 100 0.24 2.10 13.4 67.2 14.2 23.3

TOTAL PETROLEUM HYDROCARBONS (mg/kg)

Diesel Range Organics 15 2 13.3 10.0 14.0 76 490 125 42.7
Motor Oil Range Organics 15 4 26.7 11.0 230 68 420 111 67._

i

VOLATILE ORGANIC COMPOUNDS (mg/kg)
Toluene 17 3 17.6 0.0053 0.029 0.001 ( 0.0010 0.0031 0.0052
Trichloroethene 17 1 5.9 0.0053 0.029 0.0010 0.0010 0.0026 0.005_

Notes:

' Units for radionuclides are picocuries per gram (pCi/g)
bThe mean was calculated using detects plus one-halfof the reported sample quantitation limit for nondetects
bgs - Below ground surface
4,4'-DDD - Dichlorodiphenyldichloroethane



TABLE 6-22
STATISTICAL SUMMARY OF SOIL ANALYTICAL RESULTS

OUTSIDE BOUNDARY AREA (>10 Feet bgs)
IR SITE 1, ALAMEDA POINT

SAMPLES FREQUENCY REPORTING DETECTED DATA SUMMARY STATISTICS
TOTAL WITH OF LIMITS a CONCENTRATIONS STANDARD MEANab

CHEMICAL NAME SAMPLES DETECTIONS DETECTION % ! MINIMUM I MAXIMUM MINIMUM I MAXIMUM DEVIATION
POLYCHLORINATED BIPHENYLS (mg/kg)

Aroclor-1260 5[ II 20' 0.04 0.05 0.16 0.16 0.06 0.05
RADIONUCLIDES (pCilg)
GrossAlpha 5 5 100 0. I0 0.7C 1.90 7.00 2.29 3.94
GrossBeta 5 3 60_ 0.40 0.70 1.70 4.90 2.00 2.00
Radium226 5 5 1013 0.10 0.413 2.50 9.10 2.69 4.36
Radium228 5 1 213 0.30 0.313 1.40 1.40 0.56 0.40

SEMIVOLATILE ORGANIC COMPOUNDS (mg/kg)

Bis(2-ethylhexyl)phthalate 5 1 201 0.06 0.541 1.10 1.10 0.42 0.36
Fluoranthene 5 1 20 0.06 0.10! 0.15 0.15 0.05 0.07

Pyrene 5 1 20 0.06 0.10_ 0.23 0.23 0.08 0.08
TOTAL METALS (mg/kg)
Aluminum 5 5 100 3.12 3.84 4580 17400 5599 9024

Antimony 5 2 40 2.50 3.10 2.80 3.50 0.94 2.16
Arsenic 5 5 100 0.00 1.91 1.28 13.4 5.13 5.09
Barium 5 5 100 0.09 0.1 17.9 82.6 25.7 45.5

Beryllium 5 5 100 0.13 0.16 0.36 2.15 0.75 1.33
Calcium 5 5 100 1.06 1.30 1940 30100 12385 7960
Chromium 5 5 100 0.57 0.71 26.7 70.8 17.6 40.0
Cobalt 5 5 I00 t,.u_'_"' 0.76 .,._8 ....._,_., o._,:'_ 7.80

Copper 5 5 100 0.21 0.26 5.23 39.9 14.3 16.9
Iron 5 5 100 0.62 0.77 8570 26500 7712.34 14594
Lead 5 5 100 0.21 0.30 2.29 11.6 3.55 5.89

Magnesium 5 5 100 4.03 4.96 2910 9070 2622 4902
Man[_anese 5 5 100 0.09 0.1 109 292 79.4 170
Mercury 5 2 40 0.06 0.12 0.15 0.16 0.06 0.09
Nickel 5 5 100 1.33 1.64 24.5 58.0 12.9 35.7
Potassium 5 5 100 57.6 70.9 794 3330 1100 1582
Silver 5 3 60 0.49 0.61 0.56 0.62 0.16 0.47
Sodium 5 5 100 6.01 7.40 709 5160 1779 2078

Vanadium 5 5 100 0.42 0.52 19.2 54.0 14.6 31.4
Zinc 5 5 100 0.23 0.29 23.1 69.7 19.6 37.1

VOLATILE ORGANIC COMPOUNDS (mg/kg)

Acetone ] 51 41 801 0.011 0.231 0.121 0.741 0.261 0.29
Notes:

Units for radionuclides ae pieocuries per gram (pCi/g)
bThe mean was calculated using detects plus one-half of the reported sample quantitation limit for nondetects
bgs - Below ground surface mg/kg - Milligram per kilogram



TABLE 6-23

STATISTICAL SUMMARY OF GROUNDWATER HYDROPUNCH ANALYTICAL RESULTS
IR SITE 1 - FWBZ AND SWBZ

ALAMEDA POINT

DETECTED DATASUMMARY STATISTICS
FREQUENCY REPORTING LIMITS CONCENTRATIONS STANDARD

CHEMICAL TOTAL DETECTED DETECTED MINIMUM MAXIMUM MINIMUM MAXIMUM DEVIATION a MEAN b
FWBZ

VOLATILE ORGANIC COMPOUNDS (p.g/L)

1,2-Dichloroethene (Total) I 101 _1 1C 1.0 l.l: 1.0 1.0 0.21 0.6(Uarbon Disulfide 10 5C 1.0 I.C 0.60 4.0 1.3 1.2
_WBZ

DISSOLVED METALS (l_g/L)
Barium 1 10C 9.9 9.5 86 86 0i 8(

Cadmium 1 10C 0.40 0.4C 0.92 0.92 0 0.91
Calcium 1 10C 20 2C 343,000 343 000 0! 343,00(
Iron 1 1013 6.5 6.5 911 911 ( 91

Magnesium 1 1013 53 52 831,000 831 000 ( 831,00(
Manganese 1 1013 1.2 1.2 6,520 6,520 ( 6,52(
?otassium 1 10C 701 701 250 000 250,000 ( 250,00(
Sodium 1 1013 24.9 24.9 5,750,000 5,750,000! C 5,750,00(

_EMIVOLATILE ORGANIC COMPOUND (_tg/L)

[sophorone I 5] 2 413 10 IC 1.0 5.( 1._ 4.
VOLATILE ORGANIC COMPOUND (p.gfL)

Zarbon Disulfide [ 5[ 21 40[ 1.oI 1.0] 2.01 8.01 3.31 2.2
Notes:

aStandardDeviation- Standarddeviationofdetectedconcentrationsandone-halfthereportinglimitfornondetects.

bMean - Meanof detectedconcentrationsandone-halfthereportinglimitfornondetects.
_.g/L - Micrograms per liter
FWBZ- Firstwaterhearingzone
SWBZ- Secondwaterbearingzone



TABLE6-24
SHORELINEMONITORINGWELLGROUNDWATERANALYTICALDATA SUMMARY- FWBZ

SITE 1- PRIOR TO 1997
ALAMEDA POINT

(Page 1of 3)

Samples Frequency Detected Data SummaryStatistics
Total with of ReportingLimits Concentrations StandardI I

Chemical Samples Detections Detection Minimum I Maximuml Minimum I Maximum Deviation I Mean 1 I Mean 2
DISSOLVED METALS (_g/L)
Aluminum 88 11 12.5 8.4 116 33.5 121 16.2 22.3 52.5

Antimony 88 16 18.182 2.2 37.5 2.6 63.9 10.6 11.9 19.I
Arsenic 88 25 28.409 1.9 14.6 2.4 34 5.78 4.37 10.5
Barium 88 87 98.864 0.9 8.8 41.2 411 99.4 183 185

Beryllium 88 8 9.09 0.1 2.5 0.96 2.4 0.472 0.736 1.47
Cadmium 88 7 7.95 0.3 3.9 0.3 1 0.767 0.993 0.541
Calcium 88 88 100 8.5 247 4300 368000 87229 94573 94573
Chromium 88 6 6.82 0.6 6.6 1 4.2 1.17 2.04 2.47
Cobalt 88 3 3.41 3.8 17.2 4.7 7.7 2.57 4.40 6.07
Copper 88 18 20.5 2 24.7 2.4 21.7 4.25 4.01 8.89
Iron 88 66 75 3.2 94.1 9.7 37500 7045 2614 3481
Lead 88 7 7.95 I 20 1.5 4.9 1.60 1.19 2.47
Ma[_nesium 88 88 100 13.2 40 376G 799000 120416 88909 88909
Mansanese 88 88 100 0.9 1.6 6.8 2030 467 416 41_
Mercury 88 3 3.41 0.2 0.25 0.3 1.3 0.131 0.118 0.633
_lolybdenum 44 6 13.6 7.9 29.9 10.7 105 15.9 8.88 33.5
_ickel 88 3 3.41 7.5 16.4 9.8 66.9 6.68 6.57 30.5
_'otassium 88 88 100 282 1020 5430 364000 42452 50399 5039c_
_ilver 85 3 3.53 0.9 4.9 1.6 4.9 0.958 1.63 2.5
_odium 88 88 100 7.2 5970 57300 6180000 1157054 838305 838305
l'hallium 88 2 2.27 1.7 27 3.5 23.5 2.88 2.1 13.5
_,'anadium 88 27 30.7 a "71 15.8 4.3 20.7 4 6! _ "al !0.7

_inc 88 21 23.9 73 2.7 329 44.11 /_31 4(

INORGANIC:yanideCHEMICAL(I_'/L)- 44[ l01 22.71 2.5] 101 5.241 271 5.251 5.82[ 13.c
RADIONUCLIDES(pCi/L)
3ross Alpha 72 40 55.6 -41 145 0.8 80.7 17.7 9.09 17.(
3ross Beta 86 82 95.3 0.2 81.8 0.6 291 40.2 42.6 44/;
P_adium-226 83 61 73.5 0.1 3.4 0.29 8.5 1.76 1.60 2.0_
l_adium-228 77 28 36.4 -0.57 2.34 0.3 6.6 1.36 0.878 2.1(

SEMIVOLATILEORGANICS([t_/L)
2,2'-Oxybis(l-Chloropropane) 87 15 17.2 3,000 0.6 6.4 161 21.5 3.16
2,4-Dimethylphenol 87 23 26.4 2 3,000 0.6 13000 1763 373 1403
2-Chlorophenol 86 1.16 2 3,000 0.9 0.9 162 22.2 0.900
2-Methylnaphthalene 87 7 8.05 3,000 2 4 161 21.6 3.40
2-Methylphenol 87 I 12.6 2 3,000 0.8 1900 217 40.2 287
_.-Methylphenol 86 3 3.49 2 3r000 2 3400 450 84.9 1801
Acenaphthene 87 23 26.4 3,000 0.5 6 161 21.4 3.24
Acenaphthylene 87 1 1.15 3,000 1.2 1.2 161 21.5 1.20
Anthracene 87 3 3.45 3_000 0.6 0.7 161 21.3 0.633
Bis(2-chloroethyl)ether 87 9 10.3 3,000 0.6 1.6 161 21.3 0.978



TABLE 6-24
SHORELINE MONITORING WELL GROUNDWATER ANALYTICAL DATA SUMMARY - FWBZ

SITE I - PRIOR TO 1997
ALAMEDA POINT

(Page 2 of 3)

Samples Frequency Detected Data SummaryStatistics

Total with of Reportin_ Limits Concentrations Standard I IChemical Samples Detections Detection Minimum IMaximum Minimum I Maximum Deviation Mean 1 Mean2
_EMIVOLATILE ORGANICS (Continued) ([tg/L)
Bis(2-ethylhexyl)phthalate 86 1 1.16 3r000 26 26 64.6 10.5 26.0
Carbazole 44 4 9.09 10 3,000 0.9 3 226 40.9 2.23
Dibenzofuran 87 5 5.75 I 3,000 0.6 1 161 21.4 0.720
Dimethylphthalate 87 5 5.75 3,000 I 1 180 162 26.7 82.0
Fluoranthene 87 10 11.5 11 3,000 0.5 2 161 21.0 1.14

Fluorene 87 14 16.1 1i 3,000 0.5 2 161 21.1 1.54
_laphthalene 87 21 24.1 1 3,000 0.7 110 162 26.9 30.9
Pentachlorophenol 85 1 1.18 10 7,500 0.7 0.7 406 59.0 0.700
Phenanthrene 87 16 18.4 3,000 0.5 3 161 21.1 1.61
Phenol 85 2 2.35 2 3,000 2.2 15 163 22.6 8.60
Pyrene 86 8 9.30 1 3,000 0.5 210 163 23.9 27.2

tOTAL METALS(_tg/L)
_,ntimony 4 1 25 5.6 8 9.6 10 3.17 4.90 9.60
_rsenic 4 1 25 2.8 4 4.8 5 1.54 2.53 4.80
Barium 4 4 100 6.7 7.2 66.1 133 28.9 91.3 91.3

Calcium 4 4 100 89.8 247 13I_000 245,000 49,870 183,500 183,500
Iron 4 2 50 3.2 61.5 445 764 361 313 605
_,lasnesium 4 4 100 13.2 32.4 28,500 257,000 106,252 110,875 110,875
_lansanese 4 4 100 0.9 1.2 16.4 887 432 380 380
Molybdenum 3 1 33.3 7.9 9.8 8 8 2.12 5.62 8
Potassium 4 4 100 282 1020 19,500 80,700 28,422 42,425 42,425

Sodium 4 41 100 7.2 99.5 219,000 2,150,0001 887,3291 938,5001 938,500
TOTALPETROLEUMHYDROCARBONS(_L)
rRPH 44[ 151 34.11 1701 360[ 230t 78801 13721 6141 1614
VOLATILEORGANICS (_/L)
il,l-Dichloroethane 88 8' 9.09 1 2,500 1.1 73 136 20 15.5
II,l-Dichloroethene 88 3 3.41 1 2,500 3 75 136 19 49.7
1,2-Dichlorobenzene 87 8i 9.20 I 1_500 1.1 49 80 I1 11.3
1_2-Dichloroethene(Total) 77 501 64.9 1 500 0.7 110,000 13,677 2,260 3481
1,3-Dichlorobenzene 87 l! 1.15 I 1_500 2 2 80 I1 2
1_4-Dichlorobenzene 87 6 6.90 1 1,500 1.3 9 80 I 1 3.55
Benzene 88 41] 45.5 0.5 2,500 0.7 150 136 23 12.7
Chlorobenzene 88 21 [ 23.9 I 2,500 1.7 56 135 22 13.1
Ethylbenzene 88 19 21.6 1 2,500 1 98 136 21 16.8
Toluene 88 20 22.7 I 2r500 0.7 3,800 508 117 449
Trans-1,2-dichloroethene 11 7 63.6 I 2,500 1.6 45,000 13_566 4,095 6435
Trichloroethene 88 16 18.2 I 2,500 0.8 71 136 22 15.7
Vinylchloride 88 26 29.5 0.5 5,000 1 16,000 2,796 659 2229
Xylene(Total) 88 21 23.9 I 2,500 0.9 490 151 32 62.2



TA_r_ 6-24 (
SHORELINEMONITORINGWELLGROUNDWATERANALYTICALDATA SUMMARY- FWBZ

SITE 1- PRIOR TO 1997
ALAMEDA POINT

(Page 3 of 3)

I Samples Frequency Detected Data Summar,d Statistics

Total
with of Reportin_Limits Concentrations Standard I I2hemical Sampes Detections Detection Minimum I Maximum Minimum I Maximum Deviation Mean 1 Mean 2

Notes:
Shoreline monitoringwells includeM002-A, M002-E,M001-A, M001-E, M001-B,M029-E,M029-A,M028-A, M028-C,M028-E, M028-E-OLD,M027-
M025-A, and M025-C
lag/L- Microgramsper liter
FWBZ - First water-bearingzone
Mean I - Mean of detected concentrationsand one-half the reporting limit for nondetects
Mean 2 - Mean of detected concentrations
LOEL - Lowestobserved effect level
TRPH - Total recoverablepetroleumhydrocarbons
(a) EnvironmentalProtectionAgency (EPA) ProposedCalifornia Toxics Rule Criteriaandthe EPA NationalAmbient WaterQuality Criteriaincluding L

as listed in Regional WaterQualityControl Board-CentralValley Region(RWQCB). 1998. "A Compilationof Water QualityGoals." March.
(b) Basedon EPA ProposedCaliforniaToxics Rule Criteria forContinuous Concentration(4-dayaverage) unlessotherwisenoted
(c) Basedon EPA ProposedCaliforniaToxics Rule Criteria for MaximumConcentration(l-hour average)unless otherwisenoted
(d) For the trivalent form
(e) Proposed; appliesonly to secondvalue if more than one value is listed
(f) Value listed in EPANational AmbientWater QualityCriteria for saltwater aquatic lifeprotectionas a continuousconcentration
(g) Value listed in EPANational AmbientWater QualityCriteria for saltwater aquatic lifeprotectionas a maximumconcentration
(h) Expressed as dissolved
(i) For the pentavalentform
(j) Expressed as totalrecoverable
(k) Draft/tentative/provisional;appliesonlyto second value if more than one value islisted
(I) Forpolynuclear aromatic hydrocarbons
(m) vor pntnalate esters
(n) Proposed; appliesonly to secondvalue if more than one value is listed
(o) Fordichloroethenes
(p) Forchlorinated benzenes
(q) Fordichlorobenzenes



I' ( (
TABLE 6-25

SHORELINE MONITORING WELL GROUNDWATER ANALYTICAL DATA SUMMARY- SWBZ
IR SITE I - PRIOR TO 1997

ALAMEDA POINT

(Page 1 ot"2)

Samples Frequency Detected Data Summary Statistics

Total with of Reportin[_ Limits Concentrations StandardI I_hemical Samples Detections Detection Minimum Maximum Minimum [ Maximum Deviation Mean 1 Mean 2
DISSOLVED METALS ([tg/L)
Aluminum 27 7 25.9 8.4 66.5 35.2 74.6 18.4 25.3 52.3

Antimony 27 3 11.1 2.2 37.5 5.5 48.2 9.45 12.5 23.7
Arsenic 27 15 55.6 1.9 10.4 1.91 27.4 8.18 7.38 10.8
Barium 27 27 100 0.9 8.3 58.3 414 111 173 173

Beryllium 27 2 7.4 0.1 2.5 !. 1[ |.7 0.421 0.785 1.4
Cadmium 27 5 18.5 0.3 3.9 0.33 3.1 0.774 1.37 1.52
Calcium 27 27 100 8.5 247 83000 437000 129288 264100 26410(3
Chromium 27 2 7.41 0.6 6.3 0.74 2.4 1.10 2.18 1.57
Cobalt 27 1 3.70 3.8 17.2 15.6 15.6 3.32 5.22 15.6

Copper 27 9 33.3 2 12 2.7 45.8 11.8 7.63 18.2
Iron 27 22 81.5 3.2 18.1 43.3 6870 2317 2355 2889

Lead 27 I 3.70 1 20 2.2 2.2 3.03 2.49 2.2

Ma_;nesium 27 27 100 13.2 40 78400 871000 269613 515326 51532_3
Man[_anese 27 27 100 0.9 1.6 22.4 7440 2112 4257 4257
Molybdenum 11 2 18.2 7.9 17.2 13.I i 16.2 3.84 7.38 14.65
Nickel 27 1 3.70 7.5 13.2 13.8!1 13.8 1.76 6.16 13.8
Potassium 27 27 100 282 1020 211001 149000 32893 83119 83119
_elenium 27 1 3.70 2 10.5 3.4 3.4 1.73 2.97 3.4

_ilver 26 9 34.6 0.9 4.9 1.8 10.6 2.35 2.91 5.19
_odium 27 27 I00 11.4 5971} 654000 5890000 154210! 3103! ! I 310311

Vanadium 27 8 29.6 3.7 7.2 8. i 21.2 5.21 5.83 12.8
Zinc 27 14 51.9 2.3 20.2 14.7 380 87.3 52.8 96.4

RADIONUCLIDES (pCi/L)

,gross Alpha 20 11 55 -163 90 0.5 269 75.3 37.0 74.3
_qrossBeta 271 19' 70.4 0.3 74.7 16 247 73.7 68.8 97.13

P,adium-226 27 24 88.9 0.1 1.41 0.3 3.3 0.793 1.17 1.25
Radium-228 26 18 69.2 -0.02 2.26! 0.5 4,1 1.08 1.31 1.7C3

VOLATILE ORGANICS (_/L)
I ,I,l-Trichloroethane 27 2 7.41 1 1[ 3 3 0.667 0.685 3
l,l-Dichlroethane 27 I 3.70 I I 0.7 0.7 0.038 0.507 0.7
Acetone 16 I 6.25 2 2.6 29 29 6.99 2.77 29
Benzene 27 I 3.70 0.5 If 0.7 0.7 0.116 0.452 0.7
Bromodichloromethane 27 2 7.41 I I 0.9 2 0.296 0.570 1.45
Carbon Disulfide 27 3 11. I 1 If I 7.3 1.38 0.863 3.77
Chloroform 27 6 22.2 l II l.I 34 7.58 2.97 II._

Chloromethane 27 I 3.70 I 21 3 3 0.505 0.796 3

Ethylbenzene 27 I 3.70 1 I 0.8 0.8 0.058 0.511 0.8
l'oluene 27 2 7.41 I 1 2 5 0.902 0.722 3.5

X_clene(Total) 27 I 3.70 1 I 7 7 1.25 0.741 7



TABLE 6-25
SHORELINE MONITORING WELL GROUNDWATER ANALYTICAL DATA SUMMARY- SWBZ

IR SITE 1 - PRIOR TO 1997
ALAMEDA POINT

(Page 2 of 2)

Notes:

Shoreline monitoring wells include MO02-A, M002-E, M001-A, M001-E, M001-B, M029-E, M029-A, M028-A, M028-C, M028-E, M028-E-OLD, M027-A, M027-B, M027
M025-A, and M025-C

[.tg/L- Micrograms per liter
pCi/L - Picocuries per liter

Mean I - Mean of detected concentrations and one-half the reporting limit for nondetects
Mean 2 - Mean of detected concentrations

LOEL - Lowest observed effect level

SWBZ - Second water-bearing zone _

(a) Environmental Protection Agency (EPA) Proposed California Toxics Rule Criteria and the EPA National Ambient Water Quality Criteria including LOEL for saltwater a
as listed in Regional Water Quality Control Board-Central Valley Region (RWQCB). 1998. "A Compilation of Water Quality Goals." March.

(b) Based on EPA Proposed California Toxics Rule Criteria for Continuous Concentration (4-day average) unless otherwise noted

(c) Based on EPA Proposed California Toxics Rule Criteria for Maximum Concentration (I-hour average) unless otherwise noted
(d) For the trivalent form

(e) Proposed; applies only to second value if more than one value is listed

(0 Value listed in EPA National Ambient Water Quality Criteria for saltwater aquatic life protection as a continuous concentration
(g) Value listed in EPA National Ambient Water Quality Criteria for saltwater aquatic life protection as a maximum concentration
(h) Expressed as dissolved

(i) For the pentavalent form

(j) Adverse effects on a fish species exposed for 168 days.
(k) For halomethanes

( € (



TAB_I_ 6-26 {
SHORELINE MONITORINGWELL GROUNDWATER ANALYTICALDATA SUMMARY - FWBZ

IR SITE I (1997-1998)
ALAMEDA POINT

(Page 1 of 2)
i

Samples Frequency Detected DataSummary Statistics
Total with of Reportin_ Limits Concentrations Standard

_hemical Samples Detections Detections Minimum Maximum Minimum Maximum Deviation Mean 1 Mean 2
ANION(Dg/L)
Bromide 17 15 88.2 100 2000 270 45300 11227 6301 7074

SEMIVOLATILE ORGANICS (_g/L)
2,2'-Oxybis(I-Chloropropane) 14 3 21.4 9 10 1 2 1.42 4.25 1.67
2,4-Dimethylphenol 14 6 42.9 9 10 I 1800 477 148 339
2-Methylnaphthalene 14 2 14.3 9 10 4 4 0.378 4.79 4
2-Methylphenol 14 3 21.4 9 10 6 380 99.9 33.4 138
4-Methylphenol 14 3 21.4 9 10 1 200 52.3 18.3 67.3
Acenaphthene 14 5 35.7 9 10 2 4 1.27 4.11 2.6
Bis(2-ethylhexyl}phthalate 14 1 7.1 4 34 110 110 28.6 11.6 110
Carbazole 14 3 21.4 9 10 1 4 1.15 4.46 2.67
Fluorene 14 2 14.3 9 10 1 1 1.43 4.36 1

Naphthalene 14 5 35.7 9 10 16 120 41.0 24.2 59
Phenanthrene 14 5 35.7 9 10 1 2 1.79 3.68 1.4

tOTAL METALS (_I_/L)
Arsenic 17 9 52.9 0.8 3.4 1.8 40.1 10.7 7.42 13.3
Barium 17 14 82.4 0.05 382 60.8 624 195 261 278
Cadmium 17 9 52.9 0.15 0.2 0.18 4.4 1.04 0.498 0.866
Calcium 17 16 94.1 3.8 6900 4870 388000 96086 91431 96929
Chromium 17 4 23.5 0.21 0.84 0.68 0.82 0.255 0.324 0.743
Cobalt 17 8 47.1 0.251 0.4 0.42 1.4 0.387 0.436 0.764

Copper 17 1 5.88 0.35 i7.8 i .6 i .6 2.08 i. 12 i .6
Iron 17 10 58.8 5.61 845 81.3 21000 6172 3470 5808

Ma[_nesium 17 16 94.1 3.8 5200 4770 679000 165715 98951 104973
Man[_anese 17 16 94.1 0.2 2.7 27. I 2220 659 513 545
Molybdenum 17 7 41.2 0.25 5.8 0.83 5.8 1.77 1.72 2.95
Nickel 17 12 70.6 0.3 2.5 0.57 9.5 2.78 2.32 2.98
Potassium 17 17 100 3.71 52.8 19100 346000 80767 85876 85876
Sodium 17 17 100 88.5 14800 65700 5000000 1256792 831341 83134I
Zinc 17 8 47.1 0.3 98.1 3.5 141 38.8 28.0 42.6

tOTAL PETROLEUM HYDROCARBONS (_g/L)
Diesel Ran[_eOrganics 6 5 83.3 120 610 280 16000 6199 5257 6296
GasolineRange Organics 6 5 83.3 50 1000 65 12000 4912 3898 4673
MotorOil RangeOrganics 6 5 83.3 250 2000 130 1800 592 823 788
VOLATILE ORGANICS (lag/L)
l,I-Dichloroethane 17 5 29.4 I 25 2 38 10.7 5.29 16.8
l,l-Dichloroethene 17 1 5.88 1 25 50 50 12.2 4.12 50
1,2-Dichlorobenzene 17 8 47.1 1 25 2 75 21.7 10.3 21.4



TABLE 6-26
SHORELINE MONITORINGWELL GROUNDWATER ANALYTICAL DATA SUMMARY - FWBZ

1RSITE I (1997-1998)
ALAMEDA POINT

(Page 2 of 2)

Samples Frequency Detected Data Summary Statistics
Total with of Reportin_ Limits Concentrations Standard

Chemical Samples Detections Detections Minimum Maximum Minimum Maximum Deviation Mean 1 Mean 2
VOLATILE ORGANICS (Continued) (}tg/L)
1,3-Dichlorobenzene 17 2 11.8 I 5 1 1 0.498 0.676 1
1,4-Dichlorobenzene 17 3 17.6 1 5 7 10 2.99 1.94 8
Benzene 17 12 70.6 0.5 12 0.6 94 29.0 16.4 23.1
Chlorobenzene 171 8 47. I 1 25 3 160 40.8 20.4 42.8
Cis-1,2-Dichloroethene 17 10 58.8 1 25 1 22000 5419 1636 2780

Ethylbenzene 17 7 41.2 I 25 2 I10 34.8 18.4 44
Toluene 17 7 41.2 I 25 1 2400 715 292 709
Trans1,2-Dichloroethene 17 2 I1.8 I 25 I 110 26.5 7.68 55.5
Trichloroethene 17 I 5.88 I 25 3 3 3.98 2.06 3

Vinyl chloride 17 7 41.2 0.5 12 0.6 20000 5049 1635 3969
iX]glene_Total) 17 8 47.1 1 25 1 400 134 69.0 146

Notes:
Shoreline monitoring wells sampled during 1997and 1998 include M002-E, M001-E, M029-E, M028-A, M028-C, M028-E, and M027-E
FWBZ - First water-bearing zone
lag/L - Microgramsper liter
Mean I - Mean of detected concentrations andone-half the reporting limit for non-detects
Mean 2 - Mean of detected concentrations

(a) Environmental Protection Agency (EPA) Proposed California Toxics Rule Criteria and EPA National Ambient Water Quality Criteria including LOEL for saltwatc
as listed in Regional Water Quality Control Board-Central Valley Region (RWQCB). 1998. "A Compilation of Water QualityGoals." March

(b) Based on EPA Proposed California Toxics Rule Criteria for Continuous Concentration (4-day average) unless otherwise noted
(c) Based on EPA Proposed California Toxics Rule Criteria for Maximum Concentration (I-hour average) unless otherwise noted
(d) Draft/tentative/provisional; applies only to second value if more than one value is listed
(e) Value listed in EPANational Ambient Water Quality Criteria for saltwater aquatic life protection as a continuous concentration
(f) Value listed in EPANational Ambient Water Quality Criteria for saltwater aquatic life protection as a maximum concentration
(g) For phthalate esters
(h) For polynuclear aromatic hydrocarbons
(i) Proposed; applies only to second value if more than one value is listed
(j) Expressed as dissolved
(k) For the pentavalent form
(I) For dichloroethylenes
(m) For chlorinated benzenes
(n) For dichlorobenzenes
(o) Adverse effects on a fish species exposed for 168days

( ( (



TA_I_E 6-27
SHORELINE GROUNDWATER MONITORING WELL ANALYTICAL DATA SUMMARY - SWBZ

IR SITE ! - (1997-1998)
ALAMEDA POINT

Samples Frequency Detected
Total with of Reportin_Limits Concentrations Standard

ChemicalName Samples Detections Detection Minimum Maximum MinimumI Maximum Deviation Meanl Mean2
ANION 0tg/L)

Bromide 21 21 100 1000 5000 298001 395001 6859 34650 34650
TOTAL METALS (lab/L)
Arsenic 2 1 50[ 0.8 5.6 3.7 3.7 0.636 3.25 3.7
Barium 2 1 50 0.05 288 320 320 124 232 320
Calcium 2 2 100 3.8 10.3 331000 405000 52326 368000 368000
Cobalt 2 2 100 0.25 0.3 1.5 2.2 0.495 1.85 1.85
Iron 2 1 50 8.3 1140 113 113 323 342 113
Magnesium 2 2 100 19 630 719000 839000 84853 779000 779000
Man[_anese 2 2 100 0.2 1.2 4470 5150 481 4810 4810
Molybdenum 2 2 100 0.25 0.5 2.7 3.1 0.283 2.9 2.9
Nickel 2 2 100 0.3 0.5 4.5 5.5 0.707 5 5
Potassium 2 2 100 3.7 52.8 203000 235000 22627 219000 219000
Silver 2 I 50 0.15 0.3 0.4 0.4 0.177 0.275 0.4
Sodium 2 2 100 8850 14800 3950000 4220000 190919 4085000 4085000

TOTAL eETROLEUM HYDROCARBONS (ktg/L)

GasolineRangeOr[anicsI 21 I1 501 501 501 251 251 01 251 25
Notes:

Shoreline monitoring wells sampled during 1997and 1998 include M002-E, M001-E, M029-E, M028-A, M028-C,M028-E, and M027-E
lagiL- Micrograms per liter
Mean 1 - Meanof detected concentrations and one-half the reporting limit for non-detects
Mean 2 - Meanof detected concentrations
SWBZ - Second water-bearing zone
(d) Expressed as dissolved
(e) For the pentavalent form
(f) Proposed; applies only to second value if more than one value is listed.



TA_L E 6-28
INLAND MONITORINGWELL GROUNDWATER ANALYTICALDATA SUMMARY - FWBZ

IR SITE 1(1991-1995)
ALAMEDA POINT

(Page I of 2)

Samples Frequency Detected Data Summary Statistics
Total with of Reportin_ Limit Concentrations Standard [

Chemical Samples Detections Detections Minimum [ Maximum MinimumI Maximum Deviation Mean1 [ Mean2
DISSOLVED METALS (lag/L)
tL,luminum 4(1 4 10 3.7 152 33.3 181 31.4 25.7 89.4

_ntimony 40 3 7.5 2.2 37.5 3,4 6.9 5.49 5.47 4.9
_,rsenic 40 6 15 1.9 13 2.1 8.3 1,57 2.68 3.93
Barium 40! 33 82.5 0.9 39.7 21 185 46.3 64. l 74.3

Beryllium 40 7 17.5 0.1 3.2 0.83 2.3 0.540 0.687 1.313
_admium 40 3 7.5 0.3 3.9 0,3 0.78 0,632 0515 0,463
Calcium 40 40 100 8.5 247 25800 128000 30367 74075 74075

Copper 40 2 5 2 13.6 5.7 12.5 2.5z 3.64 9.1
Iron 40 20 50 3.2 166 11 7710 2100 795 1576
Lead 40 1 2.5 I 2.5 2.3 2.3 0.311 0.748 2.3
Magnesium 40 40 100 13.2 40 6630 70400 19483 28644 28644
Man_:anese 40 37 92.5 0.9 2.8 8.4 1490 315 274 296
Molybdenum 32 I 3.13 7.9 12.7 12.1 12. 1.52 5,23 12.1
Nickel 40 2 5 7.5 34.1 8.2 11.4 2.40 5,74 9._
Potassium 40 39 97.5 282 299( 2450 46700 12547 18978 1942(
Selenium 40 1 2.5 2 3 3.8 3.8 0.428 1,34 3.[
Sodium 40 40 100 7.2 68.9 14600 703000 168326 170673 170672
Thallium 40 1 2.5 1.7 5.4 4.3 4.3 0.58 1.58 4.M
Vanadium 40 8 20 3.7 15.7 8.9 21.2 4.60 5.02 13.1
Zinc 40 5 12.5 2.3 33.6 7.8 14.8 4.02 6.05 12.3

RADIONUCLIDES(pCb'L)

Grossalpha 23 14 60.9 -2.59 12.7 2.96 19.7 4.86 4.33 7.0l'
Grossbeta 40 38 95.0 0.3 11.9 0.4 33.2 9.42 14.8 15.(
Radium-226 33 12 36.4 0.07 l 0.1 7 1.45 0.689 1.65
Radium-228 30 10 33.3 -0.2_ 2.36 0.3 36.5 6.64 1.94 5.45

SEMIVOLATILE ORGANICS (lag/L)
2,2'-Oxybis(1-chloropropane) 40 2 5 1_ 50 3 7 3.78 4.63 5[
2,4-Dimethylphenol 40 4 I0 21 50 160 370 77.9 28.5 248
2-Methylnaphthalene 40 4 10 50 9 20 3.25 4.9 12
2-Methylphenol 40 3 7.5 2 50 5 55 9.18 6.48 28
4-Chloro-3-methylphenol 40 1 2.5 1.5 5(1 23 23 4.65 5.18 23
4-Methylphenol 40 4 10 2 5(1 0.8 1 3.82 4.72 4.7
Acenaphthene 40 8 20 50 0.9 7 1.92 3.80 3.36
Bis(2-chloroethyl)ether 40 3 7.5 50 1 2 5.01 4.9 1.67
Carbazole 32 4 12.5 10 50 1 4 0.803 4.75 3
Dibenzofuran 40 2 5 50 I 2 4.95 5.03 1.5
Fluorene 40 2 5 5(I 1 2 5.01 4.95 1.5

lndeno(l,2,3-cd)pyrene 40 I 2,5 2.5 5(1 10 10 4.84 5.44 10
N-nitrosodiphenylamine(I) 40 2 5 50 0.9 5.03 4.92 0.95



TABLE 6-28
INLAND MONITORING WELL GROUNDWATER ANALYTICAL DATA SUMMARY - FWBZ

IR SITE 1 (1991-1995)
ALAMEDA POINT

(Page 2 of 2)

Samples Frequency Detected DataSummaryStatistics
Total with of ReportingLimit Concentrations Standard I

Chemical Samples Detections Detections Minimum [ Maximum Minimum [ Maximum Deviation Mean l i Mean 2
SEMIVOLATILE ORGANICS (pg/L) (Continued)
Naphthalene 40 5 12.5 I 50 7 280 50.2 17.8 I15
Phenanthrene 40 I 2.5 I 50 0.5 0.5 5.00 5.01 0.5
Phenol 40 2 5 2 50: 2 2 4.89 5.10 2
Pyrene 40 2.5 ! 50 0.7 0.7 4.99 5.02 0.7
VOLATILEORGANICS (_g/L)

1,I-Dichloroethane 39 31 7.69 I l0 2 12 1.88 0.897 5.67
1,2-Dichlorobenzene 40 4 10 1 25 10 25 5.50 3.78 19
1,2-Dichloroethane 39 2.56 0.5 5 0.6 0.6 0.380 0.395 0.6
1,2-Diehloroethene(total) 37 13 35. I 1 10 1 200 38.6 15.6 43.4
1,2-Dichloropropane 39 1 2.56 1 10 0.9 0.9 0.722 0.626 0.9
1,3-Dichlorobenzene 40 2 5 I 25 1 1 2.44 2.55 I
1,4-Dichlorobenzene 40 4 10 1 25 5 8 1.72 2.58 7
Benzene 39 6 15.4 0.5 10 1 100 18.5 5.5 33.5
Carbontetrachloride 39 2.56 0.5 5 0.5 0.5 0.367 0.365 0.5
Chlorobenzene 39 3 7.69 I 10 42 62 13.8 4.38 51
Chloroform 39 2.56 1 10 7 7 1.25 0.782 7

Ethylbenzene 39 3 7.69 1 10 30 44 9.81 3.26 36.3
Toluene 39 4 10.3 1 10 1 840 147 36.1 348
Trichloroethene 39 9 23.1 I 10 1 7 1.74 1.25 3.24

Vinyl chloride 39 12 30.8 0.5 5 1 1400 225 42.2 137
Xvlene (Total) 39 4 !0.3 I I I0 1.3 220 47.6 13.8 130
Notes:
Inland monitoring wells consist of M003-A, M003-B, M004-A, M030-A, M030-C, M030-E, M03I-E, M03I-C, MO33-A,M034-A, and M035-A
lag/L- Micrograms per liter
pCi/L - Picocuries per liter
FWBZ - First water-bearing zone
Mean I - Mean of detected concentrations and one-half the reporting limit for non-detects
Mean 2 - Mean of detected concentrations
LOEL - Lowest Observed Effect Level
(a) Environmental Protection Agency (EPA) Proposed California Toxics Rule Criteria and EPANational AmbientWater Quality Criteria including LOEL fi

as listed in Regional Water Quality Control Board-Central Valley Region (RWQCB). 1998. "A Compilationof Water Quality Goals." March.
(b) Based on EPA Proposed California Toxics Rule Criteria for Continuous Concentration (4-day average) unless otherwise noted
(c) Based on EPA Proposed California Toxics Rule Criteria for Maximum Concentration (l-hour average) unlessotherwise noted
(d) For the trivalent form
(e) Proposed; applies only to second value if more than one value is listed
(0 Value listed in the EPA National Ambient Water QualityCriteria for saltwatter aquatic lifeprotection as a continuousconcentration
(g) Value listed in the EPA National Ambient Water Quality Criteria for saltwater aquatic lifeprotection as a maximum concentration
(h) For the pentavalent form
(i) Expressed as dissolved
(j) Draft/tentative/provisional;applies only to second value if more than one value is listed
(k) For polynuclear aromatic hydrocarbons (n) Fordichlorobenzenes
(I) For nitrosamines (o) Fordichloropropanes
(m) For chlorinated benzenes (p) Forhalomethanes

{ { {



TAB_I_ 6-29 (
INLAND MONITORING WELL GROUNDWATER ANALYTICAL DATA SUMMARY - SWBZ

IR SITE 1 (1991-1995)
ALAMEDA POINT

Samples Frequency Detected Data SummaryStatistics

Total with of Reportin_ Limits Concentrations Standard
Chemical Samples Detections Detections Minimum /Maximum Minimum I Maximum Deviation Mean l Mean 2
DISSOLVED METALS (rig/L)
Antimony 12 2 16.7 2.2 22 4.8 8.4 2.93 6. I0 6.6
Arsenic 12 2 16.7 3.4 50 5 8.9 6.66 6.85 6.95
Barium 12 11 91.7 4.3 66.9 84.8 366 93.4 139 14_

Beryllium 12 3 25 0.2 0.99 1.1 1.9 0.609 0.653 1._
Cadmium 12 10 83.3 0.3 0.94 0.68 4.9 1.60 2.03 2.37
Calcium 12 12 100 8.5 494 336000 558000 56568 440083 440083
Iron 12 8 66.7 3.2 96.5 I0 6630 1999 1189 177(:

Ma[_nesium 12 12 100 19.7 36.3 535000 998000 123462 729833 729833
Manganese 12 12 1O0 I.I 1.8 1860 7090 1363 4344 4344
Molybdenum 12 5 41.7 9.6 18.6 10.8 18.6 4.94 10.0 14._
Nickel 12 3 25 9.3 17.8 9.6 16.4 3.76 7.74 13.C
Potassium 12 12 100 346 1020 95400 286000 68952 207200 20720(:
Selenium 12 2 16.7 2.7 27 3.7 4.1 3.36 3.83 3.5
Silver 12 1 8.33 1.4 20 5.8 5.8 2.97 2.38 5.8
Sodium 12 12 100 11.4 398 4280000 8080000 1194114 6020000 602000C
Vanadium 12 2 16.7 4.2 13.7 7.3 12 2.55 5.03 9.65
Zinc 12 2 16.7 3.1 126 26.7 28 17.9 17.1 27.4

RADIONUCLIDES (pCUL)
Grossalpha 10 1 10 -24.8 252 639 639 201 67.8 635
Grossbeta 12 9 75 -4.9 143 40.3 630 172 147 194
Radium-226 12 12 100 0.24 0.69 0.61 2 0.425 1.17 1.1"_
Radium-228 113 7 70 0.74 2.05 1.1 4 1.24 1.80 2.3"/

SEMIVOLATILE Or GANICS (_g/L)
Phenol / ll/ 1 9.09 lO 10 t2 121 2.111 5.641 12
VOLATILE ORGANICS (lag/L)
l,l,l-Trichloroethane 12! 1 8.33 1 4 4 1.01 0.792 4
Chloroform 12i 3 25 1 I 2 0.582 0.792 1.6_

Xylene (Total) 12 l 8.33 1 0.8 0.8 0.087 0.525 0._

Inlandmonitoringwells consistof M003-A, M003-B, M004-A, M030-A, M030-C, M030-E,M031-E, M03I-C, M033-A, M034-A, and M035-A
_tg/L- Microgramsper liter
pCi/L- Picocuriesper liter
Mean 1- Mean of detectedconcentrationsand one-halfthe reportinglimit fornondetects
Mean2 - Meanof detectedconcentrations
LOEL - Lowestobservedeffect level
(a) EnvironmentalProtectionAgency (EPA) ProposedCaliforniaToxics Rule Criteriaand EPANationalAmbientWaterQualityCriteria,includingLOELfor

as listed in RegionalWaterQualityControlBoard-CentralValley Region(RWQCB). 1998. "ACompilationof WaterQualityGoals." March.
(b) Based on EPA ProposedCaliforniaToxics RuleCriteriaforContinuousConcentration(4-dayaverage)unless otherwise noted
(c) Based on EPAProposedCaliforniaToxics RuleCriteriaforMaximumConcentration(l-houraverage)unless otherwisenoted
(d) Expressedas dissolved
(e) For thepentavalent form
(0 Value as listed in EPA National Ambient Water Quality Criteria for saltwater aquatic life protection as a continuous concentration
(g) Value as listed in EPA National Ambient Water Quality Criteria for saltwater aquatic life protection as a maximum concentration
(h) Proposed; applies only to second value if more than one value is listed
(i) For halomethanes



TA_E 6-30 ('
INLAND MONITORINGWELL GROUNDWATER ANALYTICAL DATA SUMMARY - FWBZ

IR SITE 1 (1997-1998)
ALAMEDA POINT

(Page I of 2)

Samples Frequency DataSummaryStatistics Detected

Total with of Reporting Limits Standard [ ] ConcentrationsChemical Samples Detections Detections Minimum Maximum Deviation Mean 1 Mean 2 Minimum I Maximum
ANION(p.glL)
Bromide I0 I0 I00 I00 I00 532 604 604 II0 1600

SEMIVOLATILE ORGANICS (_tg/L)
2,4-Dimethylphenol 31 3 100 101 10 68.8 128 128 54 190
2-Methylnaphthalene 3 3 100 10 10 3.06 7.33 7.33 4 10
2-Methylphenol 311 1 33.3 10 10 1.73 6 8 8 8
4-Methylphenol 31 2 66.7 10[ 10 1.73 3 2 2 2
Acenaphthene 3 2 66.7 10 10 1.53 3.33 2.5 2 3
Carbazole 3 2 66.7 10 10 2.08 2.67 1.5 1 2

Dibenzofuran 3i 2 66.7 10 10 2.08 2.67 1.5 1 2
Fluorene 3 I 33.3 10 10 2.31 3.6" I 1 1

Naphthalene 3 3 100 10 10 24.3 38 38 10 54
]'OTAL METALS (_g/L)
Aluminum 10 1 I0 6.6 62.8 46.7 31.5 163 163 163
Arsenic 10 6 60 0.8 3.7 6.58 7.7 12.1 6.9 19.4
Barium l0 I0 100 0,05 0.2 98.8 129 129 36 309
Cadmium 10 1 1{3 0.15 0.32 0.048 0.112 0.22 0.22 0.22
Calcium I0 10 100 3.8 10.3 13928 51970 51970 32100 7490{
Chromium t0 1 10 0.2 0.84 0,225 0.28 0.86 0.86 0.8t
Cobalt 10 5 5{3 0.25 0.4 0.249 0.393 0.616 0.47 0.71

Copper 10 2 20 0.35 4.8 1,32 1.12 2.7 1.I 4.3
Iron 10 41 40 5.6 128 3120 2021 5017 786 8040
Magnesium 10 101 10{3 3.8 6.3 6981 16159[ 16159 6590 2920{3
Manganese 10 10 1O0 0.2 0.25 209 411 411 34.5 745
Molybdenum 10 3 30 0.25 2.9 0.634 1.1{3 1.38 0.34 2.5
Nickel 10 7 7{3 0.3 2.8 0.926 1.98 2.35 0.92 3.
Potassium 10 1{3 10{3 3.7 52.8 9556 18326 18326 5450 3340{3
Sodium 10 10 100 88.5 9480 80456 9267{3 92670 21400 283000
Zinc 10 6 6{3 0.3 8.2 41.6 26.4 41.9 %5 11{3

TOTAL PETROLEUM HYDROCARBONS (pg/L)
Diesel RangeOrganics 3 3[ 10{3 120 130 451 1567 1566.7 1100 200{3
GasolineRan[_eOrl_anics 3 3 100 200 250 1102 2433 2433.3 1700 370{3
MotorOil RangeOrganics 3 3_ 10{3 250 270 272 490 490 290 80{3
VOLATILE ORGANICS (lag/L)
l,I-Dichloroethane l0 2' 20 25 4.22 2.5 4.5 I 8
I,I-Dichloroethene l0 l! 113 25 4.11 2.35 7 7 7
1,2-Dichlorobenzene l0 31 30 25 13.9 6.95 22 7 44
1,3-Dichlorobenzene l0 2_ 2{3 5 0.632 0.8 l 1



TABLE 6-30
INLAND MONITORING WELL GROUNDWATER ANALYTICALDATA SUMMARY - FWBZ

IR SITE I (1997-1998)
ALAMEDA POINT

(Page 2 of 2)

Samples Frequency Data Summar-/Statistics Detected

Total with of Rep°rtinl[Limits Standard I I ConcentrationsChemical Samples Detections Detections Minimum Maximum Deviation Mean 1 Mean2 Minimum[ Maximum
VOLATILE ORGANICS (Continued) (/ag/L)
1,4-Dichlorobenzene 10 3 30 1 5 3.38 2.55 7.33 6 9
Benzene 10 3 30 0.5 12 20.7 13.0 42.7 37 49
Chlorobenzene I0 3 30 I 25 18.9 12.1 39 34 47
Cis-1,2-Dichloroethene 10 4 40 1 25 662 218 542 5 2100
Ethylbenzene 10 3 30 1 25 12.3 7.75 24.7 20 34
Tetrachloroethene 10 I i 113 I 25 21.7 7.35 69 69 69
Toluene 10 3 313 1 25 303 140 465 4 860
Trans-1,2-Dichloroethene 10 4 40 1 25 3.87 2.6 2.75 1 6
Trichloroethene I0 3 30 1 25 3.90 2.95 4.67 4 5

Vinyl chloride 10 3 30 0.5 12 534 185 615 6 1700
Xylene _total) 10 3 30 1 25 64.7 37.2 123 68 180

Notes:
Inland wells sampled during 1997and 1998consist of M003-E, M030-E, M03I-E, M034-A, andMO35-A
_g/L - Micrograms per liter
Mean I - Mean of detected concentrations and one-half the reporting limit fornondetects
Mean 2 - Mean of detected concentrations
FWBZ - First water-bearing zone
LOEL - Lowest observed effect level

(a) Environmental Protection Agency (EPA) Proposed California Toxics Rule Criteria and EPANational Ambient Water Quality Criteria including LOEL fi
,:^,^,4 - ,*dt_, Qual,ty _u,,t,u, Budtu-Cc,tt,_, v,tll_y ,..c_,u,,tRVvQ_B). 1998."A ,_u,,,pilduu,, of Wateras ,,_L_uin Regional _' ....... ,:,.. ,-,..... , ___., ..... , ,, .... n^_:^_, " _" "-'--- "-':-- ,,_,u,_.ty"_"-':.....Gu,t_.'-"March.

(b) Based on EPAProposed California Toxics Rule Criteria for Continuous Concentration (4-day average) unless otherwise noted
(c) Based on EPA Proposed California Toxics Rule Criteria for Maximum Concentration (I-hour average) unlessotherwise noted
(d) Draft/tentative/provisional;applies only to second value if more than one value is listed.
(e) Value listed in EPA National Ambient Water Quality Criteria for saltwater aquatic life protectionas a continuous concentration
(0 Value listed in EPA National Ambient Water Quality Criteria for saltwater aquatic life protectionas a maximum concentration
(g) For polynuclear aromatic hydrocarbons
(h) Expressed as dissolved
(i) For the pentavalent form
(j) For dichloroethenes
(k) For chlorinated benzenes
(1) For dichlorobenzenes
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TABLE 6-31A

SUMMARY OF GROUNDWATER CONTAMINANT DETECTIONS-FWBZ

IR SITE 1, ALAMEDA POINT, AREA A
1993-1998(OUTSIDE OF HOT SPOT)

(Page I of 2)

I I I I I ECOLOGICALREFERENCEVALUES(0_

OETECT,ONI _PORT,NO n ME^N(a,h_STANDARD95UCL_c)IBa0_,o._d
SAMPLES ]FREQUENCY LIMITS_a) DETECTED PERCENTAGEOF DATA SUMMARY STATISTICS Lowest ObservedTOTAL WITH OF CONCENTRATIONS(_g/L) RLsTHAT 80 LCL/95 AWQC Alternate Effect Level (LOEL)

_HEMICALNAME SAMPLES DETECTION MINIMUM MAXIMUM MNIMUM [ MAXIMUM I EXCEEDEDERVs DEVATON CHRONIC ReferenceVahe CHRONIC[ ACUTE
DISSOLVED METALS (pg/L)

54 0.1 0.0 I._ 2.33.645.77An!!mony 8 0.7 I7A 2._ 7.S

Arsenic 5454 12 0.2 0._ 9.: I.I 13.: 0.0 2._ 2.[ 3._ 28.3c. 3t 2,31c.
Barium 54 5_ 0._ 8.@ 371.1 323 6243 0.l_ 128/ 2._ 285._ 574.7_ N\ 3.9 (f

Beryllium 0. I 0. I 3.1 I3 1._ O.O 0.; 3.i 0.._ 3.8".'
Cadmium 54i 12 0.2 0.2 LSI 0.: I. 0.0 0.; L! 0.2 5.3I 9.!

Calcium 54[ 53 I.€ 6900.C 6900.0 4870.1 388000.1 483113 3.: 144685._ 379269.0( N\
Chromium 541 0A 0._ 6.6 0i 3. 0._ 0.! 2.'. 1.( 13.7_ 5(

Cobalt 5411 0.1 0.3 7.7 0., 5.l 0.C 2.: 1.: 2.-_ 11.5_ N\

Copper 541 0,C 0.4 24.7 IJ 20.: 42.1 2.: 3.( 5._ 27.4! 2:

Iron 541 35 0.{ 5._ 845.0 15.1 2150A 0.C 118.: 5.2 1081._ 7135.0( N\
Lead 52[ 0.( 0..* 4.3 1.', 1.8; 0.C 0.( 1.'. 0._ 3.81 8.i

Ma_nesnim 54] 53 I.( 5200.( 5200.0 4770.1 679000.0 36200.! 3.: 107501.1 5001680( N\

Manganese 541 5J I.( 2.1 2.7 6.1 2220.0 125. 4.! 7093 5213.0( N\

Molybdenum 54 0._ I._ 12.7 0.1 105.0 0.¢ 4. : 2.: 63 N\ N\ 240 (f
Nickel 54 1_ 0._ 0._ 12.6 I.', 66.9 693 3.1 2.: 61 19.0_ 8.:

Potassium 54 54 1.{ N/_ NA 5430.1 346000.0 34123.[ 2.: 63647._ 182153.0( N\

Selenium 50 0.( 0._ 5.2 3.1 3.8 0.C 1.! 0.( N,_ 5.9_ 7
Silver 51 0.( 0._ 2.0 1.4 2.2 0.0 0.1 0., 0: 3.3!

Sodium 54 54 1.( N.A NA 46900.4 5000000.0 34563.: 3. 929361.1 4539829.0( N\

Thallium 54 0 ( O_; 180 3.: 3.5 0.C I.: 1." N._ 5.8(
Vanadium 54 0.( 0._ 9.1 6.1 6.2 0._ 2.: 1., N,_ 28.6!

Zinc 54 11 0._ 3.1 73.0 4.: 329.0 0l_ 6.{ 2l_ 16.-_ 42.91 8:

RADIONUCLIDES (pCI/L)

I I [ I3 tGross Alpha I 24 6] 0.31 4.4] 25[ 14.II 13[ 42I
Gross Beta 39 3 I. NA

0.30.1 1.3 0.40.75Radium226 36 1 0.4 .
Radium228 30 0. - . O.

SEMIVOLATILE ORGANIC COMPOUNDS AND VOLATILE ORGANIC COMPOUNaS (t,g/L)

2,2'-Oxybis(l-chloropropane) 50 12 0.2, 9.( 20.0 0.' 5.0 4.5 4.' 1._ 4._ N\ 2380<s: ,221 238.00_
2,4-Dimethylphenol 50 12 0.2_ 9.( ! 1.0 O.G !9.o 0._ 5! 1(t 6 t I I( 6 2 (h

I

2-Methylnaphthalene 50 0.11 9.( I 1.0 2.0 4.0 12.5 4.1 1.: 5.( 62 (€, 621

2-Methylphenol 50 0.@ 9.( 20.0 0.81 I.O 18.2 4.1 I._ 5.1 N\ 13Q
4-Methylphenol 50 0.0: 9.( 20.0 0.1 0.8 4.! 1._ NA N%

Acenapthene 50 24 0.41 9.( 10.0 0.'. 6.0 11.8 4.( 12 4A 17(h I 71(
Anthracene 50 0.0_ 9.( 20.0 0._ 0.7 4.1 1.: 5.1 N\

Bis(2-chloroeth_cl)ether 50 0.II 9.( 20.0 O: 1.0 4.5 4., I." 4.1 2380(hI

Bis(2-ethylhexyl)phthalate 50 0.0, 4.( 19.0 I00: II0.0 I00._ 2: 2., 53 0.3(hI 16( 2,944
Carbazole 50 0.1_ 9.( 10.0 0.! 4.0 5._ 4.( 1.( 4.1 N% 30_
Dibenzofuran 50 O.11 9.( 20.0 0: 1.0 21.I 4._ 1.! 5.( 398 (hI 1( 4_
Fluoranthene 50 O.1_ 9.( I 1.0 0.I 2.0 16.7 4.! 1.'. 4._ 39.8 _hI

Fluorene 50 I_ 0.2, 9.( 10.0 0/. 2.0 4.; 1.! 4.._ N\

Naphthalene 50 1_ 0.2_ 9.( I 1.0 0.' 120.o 10._ 5.; 2.1 12..' 62 _hI 62( 2,30_
Pentachlorophenol 50 0.0: 24.( 50.0 0." Off 100._ 1 I.! I.! N3 7.! 13 (hI
Phenanthrene 50 1'; 0.3, 9.( 20.0 0._ 3.0 100_ 3._ 2.( 5. I 4._ 30(3

PyTene 50 0 lq 9.( 20.0 0.: I._ 4: 12 5.( Nx,
1,2-Dichloroelhane 57 0.0_ 0.-_ 2.0 0: 0.6 8._ 0.! I._ N._ 47 _f 113,00{]
1,2-Dichloroebenzen© 57 0.0" 1.( 10.0 2: 2.0 20._ 2.1 0.! 23 15.8 (hI 76:

1,2-Dichloroethene(total) 40 24 0.6_ 1.( 1.0 0.1 90.0 0._ 2.( 5._ 252 590 (hI



TABLE 6-31A

SUMMARY OF GROUNDWATER CONTAMINANT DETECTIONS-I_,VBZ

IR SITE 1, ALAMEDA POINT, AREA A
1993-1998(OUTSIDE OF llOT SPOT)

(Page 2 of 2)

SAMPLES FREQUENCY REPORTING DETECTED PERCENTAGE OF DATA SUMMARYSTATISTICS Lowest Observed

TOTAL W1TH OF LIMITS(a) CONCENTRATIONS (_.ti_/L) RLs THAT MEAN(a,b) STANDARD 95 UCL(e) 80 LCL/95 AWQC Alternate EffectLevel (LOEL)
CHEMICALNAME SAMPLES 3ETECTION DETECTION MINIMUM MAXIMUM MNtMUM MAXIMUM EXCEEDEDERVs DEVIATION Background CHRONIC ReferenceValue CHRONIC ACUTE

lenzene 5_ 22 0.3! 0.5 21 0._ 7.0 0.1 0.' 3. I£ 53 (h)
Chlorobenzene 5_ 0.1_ I.C I.I 2.( 13.0 0.{ 0._ 2._ 1.4 195(h) 129 16(

Chloroform 5_ O.O_ I .C I.( 7.( 7.0 0.( O.I 0.! NA 289 (hI

Cis- 1,2-dichloroethene H 0.4_ I.C 163 1.( 14.0 0.( I.! 3.! 8.-4 590 01 224,001
Ethylhenzene 5_ 0.II I ._ 1.( 1.1 4.0 0.( 0.t It 0.S 453 (h) 43(

Toluene 5_ I1 0.1! I.C 1.( 0._ 4.0 0.( 0.1 ' I._ 0.'_ 175_hI

Trans-1,2-dichloroethene II 0.2: I J] Id 1.{ 3.0 0.( 0._ I.I 1.I 1350 (h) 224,00{
Trichloroethene 51 15 0.21 1._ 4.( 0.1 71.0 0.( 1.( 3.: 3£ 350_h) 45,00(
Vinyl Chloride 51 0.II 0.5 02 0.{ 27.0 0., 3. I.( NV
Xylene 5_ I I 0.1! I.C IA 0._ 15.0 0.( 0._ 2.! 1£ 1.8 (f)
Notes:

Area A wells include MOOI.A, MOOI-E,MOO2-A,MO27-A,MO27-E,MO29-A,MO29-E, MO33-A,and M035-A
95 UCL - 95th percent upperconfidence limit
AWQC - Ambient Water QualityCriteria

FWBZ - Firstwater-bearing zone
NV No Value

RL Reporting Limit
(a) All concentrationsarein microgramsper liter(rig/L)except forradionuefides which are in picocuries perliter (pCi/L)
(b)The meanwas calculatedusingdetectsplus one-half of the reportedsamplequantitationlimit for nondetects
(e) The 95 UCL was calculated fromboththe 1993-1996andthe 1997-1998data
(d) Data flora EPA 1997 andRWQCB 1995
(e) Based on EPA Region 4, WaterManagementDivision WaterQuality StandardsUnitsScreening List for freshwatersurfacewater(EPA Region 4 1995).
(D OSWER "Tier II"values calculated using the DLWQI Tier11methodology (Suter andTsao 1996)
(g) Region 4 screening value forrelatedchemical, bis(2.-chloroethyl)ether;2,2'-oxybis(Ichlotopeopanol)is asynonym of bis(2-cMornisopeopyl)ether
(h) Region 4 screening value

(i) Region 4 screening value fornaphthalene
(j) "Secondary chronicvalue" presentedby Efroymsonand others(1997)

( ( (
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TABLE 6-31B
SUMMARY OF GROUNDWATER CONTAMINANT DETECTIONS-FWBZ

IR SITE 1, ALAMEDA POINT, AREA B
1993-t998 (ROT SPOT)

(Page I of 2)

l I ECOLOGICAL REFERENCE VALUES (d)

SAMPLES FREQUENCY REPORTINGLIMITS(a) DETECTED (y_:]l.) PERCENTAGE OF DATA SUMMARY STATISTICS [ Lowest Observed(LoEL)
TOTAL WITH OF CONCENTRATIONS RLs THAT MEAN(a,b) STANDARD 05 UCL(c) I 80 LCL/95 AWQC Alternate Effect Level

CHEMICALNAME SAMPLES DETECTIONS DETECTION MINIMUM [ MAXIMUM MN[MUM [ MAXIMUM EXCEEDEDERVs DEV AT ON I Backgroundi CHRONIC ReferenceValue CHRONIC [ ACUTE
DISSOLVED METALS (pg/L)
Aluminum 21 1 0.05 8.0 98.5 163.0 163.0 0.0 t6.'_ 2.1C NA 439.13

Antimony 21 I 0.05 0.7 I1.6 7.0 7.0 0.0 1.4 3.0_ NA 45.77
Arsenic 21 12 0.57 0._ 14.( 3,0 40.1 0.C 8. 3.1 29.( 28.3S 3( 2,31_
Barium 21 19 0.90 318 382.( 70.3 308.(3 0.C 1683 74.4 196._ 574.73 N\

Beryllium 21 3 0.14 0.t 2._ 0.8 1.5 0.C 0.: 3._ I.C 3.83
Cadmium 21 4 0.19 0.2 0.( 0.3 4.4 0.C 0.: 2.! 0._ 5.38 9.!
Calcium 21 21 1.00 NA NA 48200.0 160000.(3 OC 4034.! I.z 101908.5 379269 N\

Chromium 21 5 0,24 0.3 0.4 0.7 4.2 0.( 0.1 2.: 1: 13.79 51

Cobalt 21 8 0.38 0.3 7:; 0.5 4.7 (3.C I.! 2._ 4.1 11.5"_ N\

Copper 21 2 0.10 0.4 17.1 4.3 9.2 0.C I: 32 8.3 27.48 2:
Iron 21 20 0.95 8.4 8.4 914.0 29600.(3 0.C I0003._ 7792.! 12937.( 7132 N\

Magnesium 21 21 1.00 NA NA 10300.0 62200.(3 0.( 279423 I._ 38941._ 50016_ N\

Manganese 21 21 1.00 NA Ni_ 30.6 2030.(3 8802 498.4 1068.3 5213 N\

Mol),bdenum 21 4 0.19 0.3 12.'; 0.3 11.8 0.( 3._ 3.( 4.( N"_ N\ 240(_
Nickel 21 8 0.38 1._ 16.4 0.6 9.5 3! 2._ 4._ 19.0_ 8:
Potassium 21 21 1.00 NA N,_ 16800.0 70200.(3 392233 18981.1 46368.[ 182153 N\

Sodium 21 21 1.00 NA N.A 50900.0 341000.(3 104637.1 L( t45721._ 4,539,829 N\
Zinc 21 6 0.29 5.9 98.1 3.5 141.(3 0.C 10: 3.1 39.3 42.91 81

RADIONUCLIDES (pCi/L)

_it il I 12.t 2.8 4.5 iiGross Alpha 3 0.4 -2.C 2.1 5.1 12.7

.5 58.8 32.8 18.1 NAGrossE©la I 1 C0 O.9 4.C 4. 1
Radium226 10 7 0.7 0.2 1.5 07 05 NA
Radium228 3 0.4 -0.2 1 36.

SEMIVOLATILE ORGANIC COMPOUNDS AND VOLATILE ORGANIC COMPOUNDS 0tg/L)

2,2'-Oxvhis(I-chlaropronanel 24 2[ 0.08 10.(3 3000.0_ 4.0_ 7.0] 0,0 7.1 3.7[ 41.(_ N\ 2380 ¢_)[ 122] 238.000
2,4-Dimeth)_lphenol 23 19 0.83 10,(3 13.C 4.0 13000.0 0.0 140.! 10,( 28720.3 I1( 6,2 (h_

2-Chlorophenol 23 0.04 10.(3 3000,( 0.9 0.9 O0 7:. 4.: NA 43.8 (b'_
2-MethylnaphrhaIene 24 8 0.33 10.(3 3000.€ 4.0 20.0 0_ 73.( 304.( 179._ 62 (e,i', 62(

2-Methylphenol 23 12 0.52 10.(3 200.€ 1.0 1900.0 2.4 18.: 6.1 613.8 N\ }3 (Jl

4-Chloro-3-methy]phenol 24 0r_ 10(3 3000.C 23.0 23.0 1000 753 311.I 187._ N\ 03 (h'
4-Methylphenol 23 12 0.52 10.(3 3000.( 1.0 3400.0 14.: I1.._ 3645.4 N_

Acenapthene 24 7 0.29 10.(3 3000.( 2.0 7.0 0_ 6.{ 3.1 37.2 }7(h': 71(
Bis(2-eth),lhexyl)phthalate 24 2 0.08 10.(3 3000.€ 2.0 2.0 100.C 7." 4.I 46.5 0.3 (h': 16( 2,944
Carbazole 24 7 0.29 10,(3 3000.( 1.0 5.0 0.0 5.€, 4._ 44.3 N_/ 300

Dibenzofman 24 5 0.21 10.C 3000.C 1.0 2.0 0.0 62 4.( 58.2 39.8 (h_ I_ 40
Ftuorene 24 4 O.17 10.(3 3000.€ I.O 2.0 6." 4.-' 57._ N'v

N-nitrosodiphenylamine 24 2 0.08 10.(3 3000.€ 0.9 1.0 0.0 7A 4._ 57.2 58.5 (h':
Naphthalene 24 14 0.58 10.(3 3000.€ 8.0 280.0 0.C 19.( 4.( 183.8 62 (h) 62( 2,300
Phenanthrene 24 0.04 10.(3 3000.C 0.5_ 0.5 100.0 7..d 4,_ NA 4.( 300

Phenol 23 3 0.13 10.(3 30_).€ 2.0 15.0 0.0 8._ 4.I 60.6 256(h1

Pyrene 24 0.04 10.(3 3000.C 2100 210.0 9._ 4.,I NA NV

l, {-Dichloroelhane 23 18 0.78 I.(3 100.€ I.O 73.0 0.0 5._ 4._ 46.6 47 (_ 113,000
1,l-Dichloroethene 23 6 0.26 I.(3 25.€ 3.0 75.0 0.0 2.( 6: 66.2 303 (hI 224,000

1,2-Dichloroebenzene 24 19 0.79 1.0 1500Z 2.0 75.0 0.0 12.( 4._ 124.8 15.8(h I 763

1,2-Dichloroethene (to(al) 11 11 1.00 NA NA 1.0 110000.0 0.0 14886._ 34747.( 33870._ NV

1,2-Dicbloropropane 23 0.04 I.(3 100.C 0.9 0.9 0._ I._ 5.I NA 525 (h 1

1,3-Dichlorobenzcne 24 7 0.29 I._ 1500.C 1.0 2.0 0._ 2.-_ 5.3 30.(3 50.2 (hl 763

1,4-DicMorobenzene 23 18 0.78 I.(3 1500.€ 2._ 10.0 0.0 5.( 4.'; 42. I 11.2 (h I 763 1,120
Benzene 23 22 0.96 !._ I.C 0._ 150.0 0._ 43.( 38.( 57.2 53 (h I



TABLE 6-31B

SUMMARY OF GROUNDWATER CONTAMINANT DETECTIONS-F_VBZ
IR SITE 1, ALAMEDA POINT, AREA B

1993-1998 (HOT SPOT)
(Page 2 of 2)

I I ECOLOGICAL REFERENCE VALUES (d)
SAMPLES FREQUENCY REPORTING DETECTED PERCENTAGEOF DATA SUMMARYSTATISTICS Lowest Observed

TOTAL WITH OF LIMITS(a) CONCENTRATIONSQt_JL_ RLs THAT MEAN(a,b) STANDARD 95 UCL(c) 80 LCL/95 AWQC Alternate EffectLevel (LOEL)
CHEMICALNAME SAMPLES DETECTIONS DETECTION MINIMUM MAXIMUM MNIMUM MAXIMUM EXCEEDEDERVs DEVIATION Background CHRONIC ReferenceValue CHRONIC ACUTE

Chlorobonzene 23 19 0.83 I.C 100.( 3.0 160.C 0.( 21.3 4._ 1752 195 (hI 12t. 160
Cis- 1,2-dichloroethene 12 I_ 0.83 I.€ 1.( 18.0 22000.C 0.( 112.1 36.51 6.1E+O_ 590 Q', 224,000
Eth)'lbonzene 23 2_ 0.87 1.€ 1.( 1.0 110.C 0.( 15.I 5.8] 290.,4 453 (h', 430

Tetrachloroethene 23 0.04 1£ 100.( 69.0 69.C 0J 1.4 5.9 NA 84 (hI

Toluene 23 2¢ 0.87 I.( 1.( 1.0 3800.C 0.{ 82.6 24.q 706717.._ 175 (If
Trans-1,2-thehioroethene 12 0.33 I£ 25.( 1.0 110.C 0.( 2.6 7.1 452.4 1350 (hI 224,000

Trichloroethene 23 0.17 I.( 100.( 2.0 3._ 0.( 1.8 4.! 19.] 350 (e' 45,000
VinylChloride 23 21 0.91 02 0.-d 12.0 20000.C 249.2 22.1 1704436£ N'v
Xylene 23 19 0.83 1£ 1.( 5.0 490._ 0J 4l. I 10._ 5440._ l.g (t_
PETROLEUM HYDROCARBONS (tJg/L)

I 12 ] _i1 0.il 0.121 0.0.28,3 t2lt_.86 0.61.5 2.5.11 38 t
Diesel Range OrGanics 12 I 0. 0212]

1121.6 7.3 157935.6Gasoline Ran[geOrl_anies 12 5 5 65
MotorOil Ran{{eOrganics I.
Notes:

AreaB wells include M028-A, M028-E, and M034-A
95 UCL - 95th percent upper confidence limit
AWQC - Ambient WaterQuality Criteria

FWBZ- Firstwater-beatingzone
NV NO Value

RL Reporting Limit
(a) All concentrationsarein micrograms perliter (_g/L) except forradionuclideswhich are in picocuriesper liter(pCi/L)
(b)Themean was calculatedusingdetects plusone-halfof the reportedsamplequantitetionlimitfornondetects
(€) The 95 UCL was calculatedfromboththe 1993-1996 andthe 1997-1998data
(d) Datafrom EPA 1997 andRWQCB 1995

(e) Based on EPA Region4, WaterManagement Division WaterQuality StandardsUnitsScreeningList for freshwatersurfacewater(EPA Region 4 1995).
(00SWER "TierI!"values calculated using the GLWQI TierII mehhodology(Sutera,_dTsao 1996)

(g) Region4 screening value forrelatedchemical, bis(2-cMoroethyl)ether;2,2'-oxybis( IcMoropropanol)is a synonym of bis(2-ch!oroisopropyl)ether
(h) Region4 screening value
(1)Region 4 screeningvalue for naphthalene

(j) "SecondalycMonicvalue"presentedby Efroymson and others(1997)

( ( (



( TA 632A (
HQ CALCULATIONS FOR ECOLOGICAL COPCs

IR SITE 1, AREA A (OUTSIDE OFHOT SPOT)
ALAMEDA POINT

Ecological
95 Reference Hazard

Ecological COPC Mean Max Max/10 95UCL UCL ¢I0 Value Quotient
Barium 128.1 624.0 62.4 285.2 28.52 3.9 7.31
Molybdenum 4.1 105.0 10.5 6.9 0.69 240 0.00

2,2'-Oxybis(1-chloropropane) 4.4 5 0.5 4.7 0.47 2380 0.00
2-Methylnaphthalene 4.8 4.0 0.4 5.0 0.51 62 0.01
2-Methylphenol 4.8 1.0 0.1 5.1 0.51 131 0.01
4-Methylphenol 4.9 0.8 0.08 NA NV NV NA
Acenaphthene 4.0 6.0 0.6 4.4 0.44i 17 0.03
Anthracene 4.8 0.7 0.07 5.1 0.51 NV NA
Bis(2-chloroethyl)ether 4.4 1.0 0.1 4.8 0.48 2380 0.00
Bis(2-ethylhexyl)phthalate 2.7 110.0 11 5.2 0.52 0.3 1.73
Carbazole 4.6 4.0 0.4 4._ 0.48 NV NA
Dibenzofuran 4.7 1.0 0.1 5.0 0.5 39.8 0.0C
Fluoranthene 4.3 2.0 0.2 4.7 0.47 39.8 0.01
Fluorene 4.2 2.C 0.2 4.5 0.45 NV NA

Naphthalene 5.2 120.C 12 12.5 1.25 62 0.02
Pyrene 4.7 1.01 0.1 5.0 0.5 NV NA
1,2-Dichloroethane 0.3 0.6 0.06 NA 0 47 0.0¢
1,2-Dichlorobenzene 2.1 2.C 0.2 2.3 0.23 15.8 0.01

1,2-Dichloroethene(total) 2.6 90.¢ 9 25.5 2.55 590 0.0C
Benzene 0.7 7.C 0.7 1.9 0.19 53 0.013
Chlorobenzene 0.7 13.C 1.3 1.4 0.14 195 0.0¢
Chloroform 0.6 7.¢ 0.7 NA 0 289 0.0(3

Cis-1,2-dichloroethene 1.5 14.¢ 1.4 8.5 0.85 590 0.013

Ethylbenzene 0.6 4.13 0.4 0.9 0.09 453 0.013
Toluene 0._ 4.¢ 0.4 0.7 0.07 175 0.0O

Trans-1,2-dichloroethene 0.7 3.0 0.3 1.1 0.11 1350 0.013
Trichloroethene 1.0 71.O 7.1 3.0 0.3 350 0.00

Vinyl chloride 0.4 27.¢ 2.7 1.0 0.1 NV NA
Xylene 0.8 15.13 1.5 1.91 0.19 175 0.00



! TA.(032°.o OOIA,
ALAMEDA POINT

Ecological
Reference Hazard

Ecological COPC Mean Max Max/10 95UCL 95 UCL/10 Value Quotient
Molybdenum 3.4 11.8 1.18 4.6 0.46 24( 0.00
2,2'-Oxybis(1-chloropropane) 7.8 7 0.7 41 4.1 2380 0.00
2-Chlorophenol 7.9 0.9 0.09 0 43.8 0.00
2-Methylnaphthalene 73 20 2 179.5 17.95 62 0.03
2-Methylphenol 18.2 1900 190 613.8 61.38 13 4.72
4-Methylphenol 14.2 3400 340 3645.4 364.54 NV NA
4-Chloro-3-methylphenol 75.8 23 2.3 187 18.7 0.3 7.60
Acenaphthene 6.8 7 0.7 37.2 3.72 17 0.04
Bis(2-ethylhexyl)phthalate 7.7 2 0.2 46.5 4.65 0.3 0.67
Carbazole 5.9 5 0.5 44.3 4.43 NV NA
Dibenzofuran 6.5 2 0.2 58.2 5.82 39.8 0.01

2,4-Dimethylphenol 140.__ 13000 1300 28720 2872 110 11.80
Fluorene 6.7 2 0.2 57.9 5.79 NV NA

N-nitrosodiphenylamine 7.2 1 0.1 57.5 5.75 58.5 0.00
Naphthalene 19.6 280 28 183.8 18.38 62 0.30
Phenol 8.2 15 1.5 60.6 6.06 256 0.01

Pyrene 9.7 210 21 NA 0 NV NA
i, i-Dichloroethane 5.7 73 7.3 46.6 4.66 47 0.10
1,1-Dichloroethene 2 75 7.5 66.2 6.62 303 0.02
1,2-Dichlorobenzene 12.6 75 7.5 124.8 12.48 15.8 0.47

1,2-Dichloroethene (total) 14886.7 I !0000 ! I000 33870.7 3387.07 590 5.74
1,2-Dichloropropane 1.4 0.9 0.09 NA 0 525 0.00
1,3-Dichlorobenzene 2.3 2 0.2 30 3 50.2 0.00
1,4-Dichlorobenzene 5.6 10 1 42.1 4.21 11.2 0.09
Benzene 43.6 150 15 57.2 5.72 53 0.11
Chlorobenzene 21.3 160 16 175.5 17.55 195 0.08

Cis-1,2-dichloroethene 112.1 22000 2200 6.1E+08 61000000 590 3.73

Ethylbenzene 15.1 110 11 290.4 29.04 453 0.02
Tetrachloroethene 1.4 69 6.9 NA 0 84 0.08
Toluene 82.6 3800 380 706717.2 70671.72 175 2.17

Trans- 1,2-dichloroethene 2.6 110 11 452.4 45.24 1350 0.01
Trichloroethene 1.8 3 0.3 19.2 1.92 350 0.00

Vinyl chloride 249.2 20000 2000 1704436 170443.6 NV NA
Xylene 41.1 490 49 5440.8 544.08 1.8 27.22



TA{- .,-33A (
GROUNDWATER ECOLOGICAL COPCs AND COCs 1N FWBZ

1R SITE 1, (AREA A, OUTSIDE OF HOT SPOT)
ALAMEDA POINT

(Page 1 of 2)

Deleted - Ma_ Deleted- Deleted - 10% Deleted - 95 Deleted - 10%
less than Soil/seawater Deleted - Ma) of Max < UCL < of 95 UCL < Retain Chemical as a

Chemical background component < AWQC AWQC ° AWQC AWQC HQ < I b Contaminant of Concern Comments
DISSOLVED METALS

Antimony X NO
Arsenic X NO

Barium YES HQ> 1(COC)

Be_llium X NO
Cadmium X NO

Calcium X NO

Chromium X NO

Cobalt X NO

Copper X NO
Iron X NO

Lead X NO

Magnesium X NO

Manganese x NO
Molybdenum X NO

Nickel X NO
Potassium X NO

Silver X NO

Sodium X NO

Thallium X NO

Vanadium X NO

Zinc X NO

RADIONUCLIDES

Gross Alpha YES No Available Screening Criteria (COPC)
Gross Beta YES No Available Screening Criteria (COPC)

Radium 226 YES No Available Screening Criteria (COPC)

Radium 228 YES No Available Screenin_ Criteria ICOPC)
ORGANIC COMPOUNDS

!_2'-Oxybis( 1-chloropropene) X NO

!14-Dimethylphenol X NO

!-Methylnapthalene X NO

!-Methylphenol X NO

l-Methylphenol YES No Available Screening Criteria (COPC)

_cenaphthene X NO
_,nthracene YES No Available Screening Criteria (COPC)

3is_2-chloroethyl)ether X NO

3is(2-ethylexyl)phthalate YES HQ> 1(COC)
_arbazole NO I0% of maximum is less than the NOEL (LOEL/100)

)ibenzo furan X NO

=luoranthene X NO

:luorene YES No Available Screening Criteria ICOPC)

q'aphthalene X NO

>entachlompheno] X NO
)henanthreno X NO

?yrene NO

It2.Dichloroethane X NO

t12-Dichlombenzene X NO

I)2-Dichloroethene (total) X NO
3enzene X NO

'rhlorobenzene X NO

_hloroform X NO

_is- I )2-Dichloroethene X NO

Ethylbenzene X NO
Folucne X NO

rrans-lr2-dichloroethene X NO

rrichloroethene X NO

Vinyl chloride YES No Available Screening Criteria (COPC)

>(_lene Itotall X NO
PETROLEUM HYDROCARBONS



TABLE 6-33A
GROUNDWATER ECOLOGICAL COPCs AND COCs IN FWBZ

IR SITE I, (AREA A, OUTSIDE OF HOT SPOT)
ALAMEDA POINT

(Page 2 of 2)

Deleted-Max Deleted- Deleted-I0"/.Deleted-95 Deleted-10%

less than Soil/seawater Deleted-Max of Max < UCL< 0f95 UCL< RetainChemicalas a

Chemical backgroundcomponent < AW¢_C AW¢_' AW¢_C AW¢_C H¢_< Ib Contaminantof C...... Comments
DieselRangeOrc,anics NO Constituentcompoundswereanalyzedandevaluatedabove.
,_asolineRangeOrganics NO Constituentcompoundswereanalyzedandevaluatedabove.
_4otorOil RangeOr_nics NO Constituentcompoundswereanalyzedandevaluatedabove.
Notes:

AreaAwells includeMOOI-A,MOOI-E,M002-A,M027-A, MO27-E,M029-A,MO29-E,MO33-A,andM035-A
• IO%is the effectivedilution/attenuationof groundwatermovingto surfacewater (NOAA1999)
bHQ= 10%of themaximumdetectionfFRV
AWQC=Ambientwaterqualitycriterion
COC= Chemicalof concern

COPC= Chemicalof potentialconcern
FWBZ= Firstwaterbearingzone
HQ= Hazardquotient
LOEL= Lowestobservedeffect level
NOEL=No observedeffect level
UCL= Upperconfidencelevel

( ( (



TAB_ _33B (

GROUNDWATER ECOLOGICAL COPCs AND COCs IN FWBZ
IR SITE 1, (AREA B, HOT SPOT)

ALAMEDA POINT

(Page 1 of 2)

Deleted - Ma_ Deleted - Deleted - 10% Deleted - 95 Deleted - 10%
less than Soil/seawater Deleted-Max ofMax < UCL< of 95 UCL < Retain Chemical as a

Chemical background component < AWQC AWQC" AWQC AWQC HQ < Ib Contaminant of Concern Comments
DISSOLVED METALS

Aluminum X No

Antimony X No
Arsenic X No

Barium X No

Beryllium X No
Cadmium X No

i_alcium X No

_hmmium X No
lobar X No

_opper X No
ron X No

€lagnesium X No

€langanese X No
Vlolybdenum X No
*4ickel X No
['otassium X No

_,odium X No
_inc X No

RADIONUCLIDES

3ross Alpha YES ,qo available screening criteria (COPC)
3ross Beta YES No available screening criteria (COPC)
Radium 226 YES No available screenin 8 criteria (COPC)

Radium 228 YES No available screenin[[ criteria/COPC_

DRGANIC COMPOUNDS

ZT2'-Oxybis( 1-chloropropane) X NO

2,4-Dimethylphenol YES Max divided by 10 exceeds the AWQC (COC)
2-Chlorophenol X NO

2-Methylnaphthalene X NO

2-Methylphenol YES HQ> i (CGC)

¢-Chloro-3-met hyiphenol YES HQ>I (COC)

*-Methylphenol YES No available screening criteria (COPC)

Accnapthene X NO

Bis(ethylhexyl)phthalate X NO

Carbazole NO Max divided by 10 is below the NOEL (LOEL/IO0)

Dibenzo furan X NO

Fluorene YES No available screening criteria (COPC)

N-nitrosodiphcnylamine X NO

Naphthalene X NO
Phenaudu_n_ X NO

Phenol X NO

Pyrene YES No available screening criteria (COPC)

1_1-Dichloro_thau¢ X NO

I_I -Dichloroetbene X NO

I_2-DichloroebenTene X NO

1_2-Oichloroethene (total) YES HQ> 1(COC)
It2-Dichlotopt Ol_ae X NO

I_3-Dichlorobenzenc X NO

Ir4-Dichlorobenzene X NO
Benzene X NO

Chlorobc._¢._ X NO

Cis. It2-dichloroethene YES HQ> I (COC)

Ethylbenzene X NO
Tctrachloroethene X NO

Toluene YES HQ> I (COC)

Trans- I T2-dichloroethene X NO
Trichloroethene X NO

Vinyl Chloride YES 4o available screening criteria (COPC)
Xvlene YES HQ>l (COC}



TABLE 6-33B

GROUNDWATER ECOLOGICAL COPCs AND COCs 1NFWBZ

IR SITE 1, (AREA B, HOT SPOT)
ALAMEDA POINT

(Page 2 of 2)

I
Deleted - MaN Deleted - Deleted - 10% Deleted - 95 Deleted - 10% [

less than Soil/seawater Deleted - Max of Max < UCL < of 95 UCL < Retain Chemical as n

IChemical background component < AW(_C AW(_C= AW(_C AW(_C H(_ < Ib Contamlnnnt of C ...... Comments
PETROLEUM HYDROCARBONS

Diesel Range Organics NO Constituent compounds were analyzed and evaluated above.

Gasoline Range Organics NO Constituent compounds were analyzed and evaluated above,
Motor Oil Range Organics NO Constituent compounds were analyzed and evaluated above.
Notes:

Area D wells include MO28-A, Mf!28-E, and M034-A

= 10% is the effective dilution/attenuation of groundwater moving to surface water (NOAA 1999)

b HQ = 10% of the maximum detectionfl'RV

AWQC =Ambient water quality criterion
COC = Chemical of concorn

COPC = Chemical of potential concern

FWBZ = First water beanng zone

HQ = Hazard quotient
LOEL = Lowest observed effect level
NOEL = No observed effect level

UCL = Upper confidence level

( ( (



TAB_I_ 6-34A (
SUMMARY OF AMBIENT RADIOACTIVITY IN SHALLOW GROUNDWATER

IR SITE 1, AREA A (OUTSIDE OF HOT SPOT)
ALAMEDA POINT

I
SAMPLES FREQUENCY REPORTING DETECTED DATA SUMMARY STATISTICS I

TOTAL WITH OF LIMITS CONCENTRATIONS(pCi/L) MEAN STANDARD MCL2

IZHEMICAL NAME SAMPLES DETECTIONS DETECTION MINIMUM MAXIMUM MINIMUM MAXIMUM DEVIATION Criteria

3ross Alpha 24- 6 0.3 - 17.4 4.4 2.5 14.I 1." 4.2 1'.
_qrossBeta 39 39 1.0 N,_ NA 5.3 I11 22{; I cj 5(

Radium 226 36 16 0.4 0.l 0.75 0.1 1.3 0.z 0.3 5_
Radium 228 30 4 0.1 -0._ 1.3 1.1 6.2 0.( 1.3 5"

Notes:

pCi/L - Pieoeuries per liter

! Area A wells include M001-A, M001-E, M002-A, M027-A, M027-E, M029-A, M029-E, M033-A, and M035-A

2 Primary maximum concentration levels for California drinking water

3 Criterion is 5 pCi/L for Radium 226 and Radium 228



TABLE 6-34B
SUMMARY OF RADIOACTIVITY IN SHALLOW GROUNDWATER AT

IR SITE 1, AREA B (HOT SPOT)
ALAMEDA POINT

I
SAMPLES FREQUENCY REPORTING DETECTED DATA SUMMARY STATISTICS I

TOTAL WITH OF LIMITS CONCENTRATIONS (pCi/L) MEAN STANDARD MCL
_HEMICAL NAME SAMPLES DETECTIONS DETECTION MINIMUM MAXIMUM MINIMUM MAXIMUM DEVIATION Criteria

3ross Alpha 7 31 0.4 -2.( 2. I 3.1 12 2.8 4.5 I !
_qrossBeta I1 10 0.9 4.( 4.13 10.5 58.8 32.8 18.1 5(

Radium 226 10 7 0.7 0._: 0.3 0.6 1.5 0.7 0.5 5Z
Radium 228 8 3 0.4 -0.'. 0.7 1.2 36.5 5.1 12.7 5"

Notes:

pCi/L - Picocuries per liter

i Area B wells include M028-A, M028-E, and M034-A

2 Primary maximum concentration levels for California drinking water

3 Criterion is 5 pCi/L for Radium 226 and Radium 228



TABLE 6-35
SUMMARY OF AMBIENT RADIOACTIVITY IN SHALLOW GROUNDWATER

SITE 1
ALAMEDA POINT

SAMPLES FREQUENCY REPORTING DETECTED DATASUMMARYSTATISTICS

TOTAL WITH OF LIMITS CONCENTRATIONS(pCi/L) MEAN STANDARD MCL2
'HEMICALNAME SAMPLES DETECTIONSDETECTION MINIMUM MAXIMUM MINIMUM MAXIMUM DEVIATION Criteria

3rossAlpha 27 14 51.9 -25.,_ 1I_ 0.7 142 14.L 31.._ 1:
3rossBeta 32 31 96.9 0.2 7_ 9.59 303 46.( 59." 5(
gadium226 30 1_ 40.C 0.0: 0.8_' 0.2 3.7 0.'_ O.€. 52
?,,adjure228 28 21.4 -0.1c. 2.41 0.5 2.8 0.( 03 5';

Notes:

pCi/L- Picocuriesperliter
i DataforwellsMO03-E,MO25-E,M026-A,M026-E,andM03I-A
2 Primarymaximumconcentrationlevelsfor Californiadrinkingwater

3 Criterionis 5 pCi/LforRadium226 andRadium228
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